






A il 29; 1897. 


Fe eee oncene>e le St 5S 5 Ea a 


£.GINEERING NEWS 
AND 


\ERICAN RAILWAY JOURNAL. 





. F Vol. XXXVI, No. 17. 








“TABLE OF CONTENTS. 


EERING NEWS OF THE WHER. ........... 27 
-ge Air Compressor at the Le Roi Mine, Ross- 


“C, Gilustrated) ........ceeee cee eeeese ees 28 
1 ‘tunities = American Engineers and Railway a 
iders im CRIM «see eeeseee eee seeeees stivece aun 
Floods of the Mississippi River (with two-page a 
TAVIDZ) evccesere epserceesess seece nb asoseic 258 
are Flushing Small Sewers (illustrated). 262 
‘atus Auger and Hand-Drill in Prospecting me 
rk cccccseeoncess sosseesessces @ ee dceedescese 4 
ast- Sewer Inlet (illustrated).............. 263 
Gy Line Markers, Chicago & West Michigan | 
({1UStrated) ...cceecccceceee covcesascecees 263 
ner Report for March .......-+++++s+-ssee08 263 
ina State Law Soaeenns the Interlocking of 268 
l Grade Crossings.......... ge Sine 

s of Fireproof Floor Construction (illustrated)... 269 
-ew Method of Casting Pig Iron (illustrated).. 269 
ninating Gas at Low Cost.........-.-+++eee 271 
cifieations for Drilling a Gas Well......... oc bora 
i REVICWB. 2... .ccne ceeeee coeeeceeens eueenterwee 
E)). TORIAL NOTES ......----- Lérgodsicace osu ee 


sill Organjz' a Board of Appeal in the New 
vont Building Department—The Safety of the Hol- 
nan Locomotive—Newspaper Editorials on the 
Control of the Mississippi River Floods—A New 
System of Casting Pig Iron 


SDITORIAL: pe 
Number and Ownership of Water-Works in e 

United States and Canada .......... etctnes taunt 265 

LETTERS TO THE EDITOR ........--eeseeeeee cere 267 


Transition Curves—The New York Fireproofing 
Tests—Correction—A Combined Protractor and 
Seale—The Occurrence of Varying Waters in Dif- 
ferent Parts of a Well—Quick Method of Laying 
Out Curves by Ordinates from a Long Chord—The 
East Liverpool Suspension Bridge. 


IMPORTANT CHANGES IN THE SEWERAGE SYS- 
tem of Worcester are recommended in a report just made 
by Mr. Samuel M. Gray, M. Am. Soc. C. E., and Dr. Thos. 
M. Drown. These experts were appointed in accordance 
with a court decision that the city must present to the 
court a plan for lessening the pollution of the Blackstone 
River. The report recommends the gradual] introduction 
of the separate system of sewerage, to be begun by the 
construction of intercepting sewers along Mill Brook, and 
followed, as the condition of the river may demand, with 
the construction of separate sanitary sewers throughout 
the city. Mill Brook is now used as an outlet sewer, thus 
carrying to the sewage disposal] works a large volume ot 
storm water, in addition to that collected by the sewerage 
system. Part of the city is already provided with separate 
sanitary sewers. The experts also recommend that ten 
acres of experimental filter beds be constructed for the 
filtration of the effluent from the precipitation works, with 
the idea of so treating the whole effluent in case further 
experience proves that to be necessary. The report speaks 
in the highest terms of the efficiency of the precipitation 
works, which have been removing 54% of all the organic 
matter in the sewage and 92% of the suspended matter. 
Experiments with supplementary filtration are recom- 
mended because in the court proceedings brought by the 
town of Millbury the experts disagreed regarding the effect 
of the effluent on the river. The estimated cost of the 
intercepting sewers is $293,500, and of a complete system 
of separate sanitary sewers $600,000 in addition. The cost 
of ten acres of filter beds is placed at $18,000. The city 
council has accepted the report and ordered it filed with 
the court. It is stated that in case the court approves the 
report the city will be bound to carry out the plan recom- 
mended: Mr. F. A. McClure is City Engineer of Worcester 
and Mr, Harrison P. Eddy is Superintendent of Sewers. 

——_——_@—__——- 

A SUPPLEMENTAL CONTRACT FOR A TEMPO- 
rary water supply for Jersey City has just been made 
with the Bast Jersey Water Company. The original con- 
tract called for a temporary gravity and partial supply from 
the Pequannock River, the water being the surplus from 
the Newark supply, and the quantity to be delivered being 
limited to that surplus. The new contract calls for an 
unlimited supply, any deficiency to be made up by pump- 
ing from the Passaic, above the lower polluted reaches ot 
the river. The company is within six months to furnish 
water from a point above the Great Falls at Paterson, and 
within 18 months from a point at or near Little Falls, 
a few miles further up the Passaic River, and some 12 
miles above the present Jersey City-intake. The contract 
extends to Sept. 24, 1900, after which it may be continued 
indefinitely at the option of the city, but with a supply 
of Passaic River water, only, Newark coming into posses- 
sion of the whole Pequannock supply at that time. Under 
the original contract Jersey City was to pay $43 per 1,- 
000,000 gallons, up to a quantity which was practically 
the limit of the available supply, and diminishing prices 
for increasing quantities. Under the new contract the 
price for one year from March 27, 1897, will be $37 per 
1,000,000 gallons, and then $36 until September 24, 1900, 
after which it will be $35, if the service is continued. The 
city may terminate the contract on three months’ notice, 
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any time before Sept. 24, 1900, and if the contract is 
continued after that date the city may discontinue it after 
one, and the company after two years’ notice. A new 
supply main and a pumping plant will be required to carry 
out the contract. It is reported that while the supply is 
drawn from the river at Paterson the pumping will be 
done in connection with the works of the Passaic Water 
Co., of that city, and that with the completion of the Little 
Falls pumping plant Paterson and Passaic will be supplied 
from it, the companies at these places being allied in 
interest with the East Jersey Water Co. As to the truth 
of this report we cannot say. Mr. Clemens Herschel, M. 
Am. Soc, C, E., 2 Wall St., New York city, is Chief En- 
gineer and Superintendent of the East Jersey Water Com- 
pany. 





oe 
NEEDED IMPROVEMENTS TO THE WATER SUP- 
ply of Troy, N. Y., are to be investigated by Mr. W. G. 
Raymond, Engineer of the Water Board, and Pro?. W. 


P. Mason. The latter will take up the subject of fil- 
tration. 
——_—_q—_——_————_ 
THE MOST SERIOUS RAILWAY ACCIDENT of the 


week was one caused by train wreckers on the Houston & 
Texas Central R. R., at Fairbanks, 20 miles north of 
Houston, Tex., on April 26. The wreckers threw a 
switch and the south-bound passenger train ran into it 
causing a smash-up of the forward coaches and the de- 
railment of the others. One person was killed and twelve 
injured. 
os 

ANOTHER CAR-AXLE WAS BROKEN under a motor 
car on the New York and Brooklyn bridge on April 26, 
making the fourth accident of the kind in the last five 
weeks. At the last meeting of the trustees of the bridge 
it was decided to equip all new motor cars with axles % 
in. larger in diameter than those now used. 

———_@————_—_ 

AN ELECTRIC CAR fell through a bridge on April 27 
in Portland, Ore. The motorman lost control of the car 
while it was running down a hill approaching the bridge. 
Near the bottom of the hill there is a curve, on reaching 
which the car left the track, ran 40 ft. further and plunged 
through the bridge, which spanned a slough at the bottom 
of the hill, and into 5 ft. of water. The car was full of 
passengers, many of whom’ jumped off before reaching 
the bridge, but three were killed. 

———_@—__—_—_ 

A LOCOMOTIVE BOILER EXPLODED on the Rich- 
mond, Fredericksburg & Potomac Ry. at Ashland, Va., 
on April 16. It was used on a gravel train, and was stand- 
ing on the siding at the time. The engineer had just left 
it to go to the depot close by. The fireman who was in 
the cab was only slightly injured, and no other persons 
were hurt, although portions of the boiler were blown 300 
yards. 


or 


————— @————_- 

THE GAS EXPLOSION which took place in a subway 
at the corner of Tremont and Boylston Sts., Boston, Mass., 
on March 4, has been investigated by the municipal court, 
and a decision has been filed by Judge Ely which holds 
that the Boston Gas Light Co. was chiefly to blame for 
the disaster. After revewing the evidence at length the 
judge says: 

I find that the section 4 of the subway could have been 
built with safety under the requirements of the contract 
made for its construction with the Metropolitan Co. if 
proper precautions had been made. 

I find that the Boston Gas Light Co. knew further that 
in the construction of the subway these pipes and mains 
were in constant danger; that if they left them to the care 
or carelessness of the contractor, and their men, they 
committed them to inexperienced hands, and that thereby 
great dangers constantly menaced the people. 

In commenting upon the different phases of the accident 
and the contributory causes the judge says: 

The two broken gas mains had been in the ground and 
in use for 35 or possibly 40 pre They were cast hori- 
zontally with the usual result of being of uneven thick- 
ness, the lowest part of the casting as it laid in the mold 
being the thickest part, and the casting gradually diminish- 
ing in thickness till it became thinnest at the highest part. 

At the first or westerly break in the 6-in. gas main, the 
good iron was only %-in. thick at the thinnest part. Or- 
iginally it had been about \%-in. thick, but either by reason 
of an old break, extending partly through the pipe, or 
other cause, the pipe had rusted half way through. 

———_@e_—_ 

A GAS LOCOMOTIVE has been built at the Dessau 
shops, says the ‘Deutsche Gasbahnactiengesellschaft,’’ 
and has been operated on the Dessau-Worlitz line with ap- 
parently satisfactory results. This locohotive traversed 
the 8.4 miles between Dessau and Orianenbaum in less 
than one hour with a consumption of 1,624 cu. ft. of gas. 
As the reservoir capacity was 5,648 cu. ft., it is estimated 
that this locomotive could run about 30 miles without 
recharging the reservoir. The company is sufficiently en- 
couraged to continue the experiments on a large scale and 
with complete trains. 

—_—_—_o-——— 

THE ADOPTION OF ELECTRIC TRACTION by the 
Terminal Railroad Association of St. Louis, for operating 
trains through its tunnel, and by the Illinois Central R. 
R. for handling its suburban traffic in Chicago, have been 
recently announced in the newspapers. We can say, on 
the best of authority, that these reports are premature. 
Doubtless in both these cases the matter is under inves- 
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tigation, but a decision upon it is not likely to be reached 
for some time. 
eninienncininabilliiaieditandtigiia 
THE BEST METAL FOR CYLINDERS, VALVES AND 
valve seats for locomotives is the subject of an investiga 


tion being conducted by a committee of the American 
Railway Master Mechanics’ Association, of which Mr. 
J. N. Barr, Superintendent of Motive Power, Chicago, 
Milwaukee & St. Paul Ry., is chairman. This committee 
desires to receive information and personal experience 


regarding the use of special mixtures of iron for the pur- 
pose indicated, and especially regarding the hardness of 
the metal used. The subject is of practical interest to 
others besides railway motive power officials and it would 


be desirable if all engineers who have had special ex 
perience in this fleld will forward such facts and opinions 
as they may possess to Mr. Barr. 

— —_—@--— —— 


THE 30TH INDUSTRIAL EXPOSITION of the Mechan- 
ies Institute, of San Francisco, Cal., opens in that city on 
Aug. 17 and will close on Sept. 18, 1897. The officers of 
the Institute invite exhibits from Eastern manufacturers, 
and offer special inducements in space and position. The 
exposition is in the heart of the city and covers an area 
of 3% acres, under roof. All communications should be 
addressed to Ernst A. Denicke, President, San Francisco, 
Cal. 

a 

CIVIL SERVICE EXAMINATIONS OF CANDIDATES 
for the Department of Public Works of New York city are 
announced as follows: May 3, laboratory- attendant bac- 
teriological laboratory; May 4, building inspectors of ma- 
sonry; May 13, mechanical draftsman; May 18, engineer 
inspector of paving, regulating, grading, etc., and May 
25, civil service examiner in mechanical engineering. 


SE 
THE EXTENSION OF THE TRANS-CASPIAN RAIL- 
way, through Teheran to a port on the Indian Ocean, is 
reported as under consideration by the Russian govern- 
ment. No great engineering difficulties are reported and 
the opening of such a line would undoubtedly benefit 
Russian commerce. The difficulties in the way are the 
possible Persian opposition and the power of Great Britain, 
which latter government would place every possible ob- 
stacle in the way of the opening of a new and rapid Russ- 
ian strategic route to the Indian Ocean. 
snes teenie 

THE OLD ATMOSPHERIC RAILWAY on which cars are 
propelled by a piston traveling in a tube placed between the 
rails, has been revived at Baltimore, and a company known 
as the Atmospheric Railway & Power Co. is said to have 
built an experimental track 50 ft. in length at Spedden's 
Marine Ry. in that city. It is surprising how this old idea is 
again and again brought forward. In our issue of March 22, 
1890, we gave a brief account of the history of atmospheric 
railway systems, and described a system substantially 
similar to the above which was selling stock to gullible 
investors in Philadelphia. 

ib lpoitieianiil 

THE MONONGAHELA NAVIGATION COMPANY will 
accept the $3,761,615 awarded by the board of viewers, 
and if the award is approved by Secretary of War Alger, 
the Monongahela River will be free to navigation. The 
company originally claimed $6,500,000; but threatened 
legislation, reducing the tolls on the river by one-half, 
and the fear that a jury might award still less, induced the 
stockholders to decide against an appeal from the award 
made. Congress authorized condemnation proceedings 
in June, 1896, and Judge Acheson appointed the following 
men as viewers: S. C. McCandless, G. W. Dilworth, S. M. 
Jackson, J. V. Thompson, Wm. McConway, Wm. Metcalf 
and Chas. E, Andrews. This board filed its award in 
March of this year. 





— —_-@-—-— _ — 

A SYSTEM FOR THE AUTOMATIC LIGHTING AND 
extinguishment of gas jets from a distance is said to be 
in practical operation at Aix-les-Baines, France, having 
been developed by Mr. Egraz, director of the local gas 
works, and others. Until Jdst June the matter was still 
in an experimental stage, but since then the system has 
been installed in a section of the place named. The gas 
supply to each of the various burners in the system is 
controlled by an electric current acting on a special piece 
of inoxidizable steel, resting by its weight on a seat in 
such a way as to close the orifice to the burner. The 
steel is moved to turn the gas on or off by magnetizing 
or demagnetizing, and in case of turning on the gas is 
lighted at the same time by either a spark or the incan- 
descence of a special practically infusible material. The 
system is of course applicable to buildings, in which, or 
elsewhere, a portion of the lamps in one series may be 
lighted at one time and others later, by varying currents. 
Those interested in further details of this system will find 
more information in the “‘American Gas Light Journal’ 
for April 26, 1897. 

—_—-——— @- 

BIDS FOR A 140-FT. SPAN ARCH BRIDGE of either 
stone, concrete or steel are asked by the city of Water. 
town, N. Y., the preference being for a concrete arch, 
providing the expense does not prove exorbitant as com- 
pared with steel. The general requirements for bidders 
are stated in our advertising columns. 
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A LARGE AIR COMPRESSOR AT THE LE ROI MINE, 
ROSSLAND, B. C. 

The air compressor shown in the accompanying 
engraving is said to be the largest in operation 
in Canada. It was recently installed at the famous 
Le Roi mine, Rossland, B. C. It was built by the 
Rand Drill Company, of 100 Broadway, New York 
city, at their Canadian shop, at Sherbrooke, P. Q. 

The steam end is a Corliss cross-compound con- 
densing engine, with cylinders 22 and 40 ins. dia- 
meter by 48-in. stroke. The steam pipe is 6 ins. in 
diameter. Both cylinders are fitted with Corliss 
valves, with a sensitive governor controlling the 


has been effectively awakened by the late war with 
Japan, and now is feverishly anxious to adopt in- 
ternal improvements. There are, at the present 
time, tenders asked for building several railways in 
and around Shanghai, The municipal government 
has called for bids to build an electrical street rail- 
way within the limits of the foreign Concession, 
and the Imperial Government desires offers for a 
line between Shanghai and Woosung, a distance 
of 12 miles. 

As an instance of the demand for American 
cars, it is worthy of notice that, in order to permit 
our car builders to compete, the time for tender- 





COMPOUND AIR COMPRESSOR, BUILT BY THE RAND DRILL CO., SHERBROOKE, P. Q., FOR THE 
LE ROI MINE, ROSSLAND, B. C. 


point of cut-off and automatically regulating the 
speed from six or eight revolutions per minute to 
the maximum number at which the engine may 
safely be run. The main shaft is 14 ins. in di- 
ameter by 138 ft. long, weighing about 5,500 Ibs. 

The air end of the machine is fitted tandem 
with the steam cylinders, and is also compound, the 
high pressure air cylinder being 22 ins. in di- 
ameter by 48-in, stroke. These cylinders are fitted 
with Rand’s mechanical valves. By means,of these 
valves the low pressure cylinder is insured being 
filled with air at atmospheric pressure, which fact 
favorably affects the efficiency of the machine, for 
were the cylinder either not completely filled, or 
the air hot and expanded, the efficiency 
would be decreased. The inlet valves of the low 
pressure or intake air cylinder are surrounded by 
a hood which fs connected to a flue for the intro- 
duction of cold air from out of doors. 

Between the high and low pressure cylinders is 
an intercooler of -the latest type. Through this 
intercooler the air passes over a system of water 
circulating pipes and is cooled in the process. 
Both of the compressor cylinders are also water 
jacketed. This engine will furnish air for running 
all the pumps and hoists at the mine and for 


operating 40 drills. 
— —- 


OPPORTUNITIES FOR AMERICAN ENGINEERS AND 
RAILWAY BUILDERS IN CHINA. 


By R. Van Bergen.* 


were 


It has always been a marvel to me why Ameri- 
cans, with their world-wide reputation for enter- 
prise, have not kept in touch with the truly mar- 
velous development of China. That sleepy colossus 


*18 Kinkiang Road, Shanghai, China.—Formerly Princl- 
pal of the Noble’s School at Tokio, Japan. 


ing for 26 cars, originally limited to April 18, was 
extended. These cars are for the Sung-Wu rail- 
road, the headquarters of which are at present 
in the Temple of Heaven, North Honan Road, 
Shanghai. Mr. H. Hildebrand, who is in charge of 
the rolling stock of that road, is himself an Ameri- 
can. The conditions are very favorable, one-third 
of the contract price will be paid upon signing the 
contract,and the balance not more than four weeks 
after delivery and acceptance. 

Mr. Sze, the Chinese consul in New York city, 
informed me that, since Li Hung Chang’s return 
from his tour around the world, nothing in the way 
of railway building would satisfy him, except 
the American system; and he also told me that it 
was a fact that a section of the Nanking-Peking 
Railway, 765 miles in length, was begun on March 
13. 

Under these circumstances, it seems incredible 
that American railway builders should be satisfied 
to await quietly until orders come from American 
business houses established in the Far East. It 
is true that these houses are on the alert. The 
China & Japan Trading Co., of this city, has placed 
a good many orders for rails and other material for 
China. The American Trading Co., also of this 
city, and owners of the concession for a railway 
between Chemulpo and Soul (Corea), naturally 
patronize American industry. Frazar & Co (of 
Japan), 65 Wall St., New York city, the Japanese 
agents of the Baldwin Locomotive Works, have 
shipped a considerable number of locomotives to 
Japan. This certainly demonstrates that there is 
business for the railway builder and the dealer in 
railway supplies in these Oriental countries. 

It may be of interest to state that the import 
duty in China is uniform—5% ad valorem. Prior to 
the peace between China and Japan the different 


taotai (petty governors) had appropria: 4 
to collect a small duty on all goods passin S 
their respective territories. This likin 

was called, was, by one of the clauses ,, 

of peace, abolished for Japanse subje 

the most favored nation clause of all trea: 
nations now enjoy the same immunity 

The Chinese merchants, almost with 
tion, keen as they are in driving a ba 
strictly honest and reliable, comparing 
with the Japanese in commercial inte 
right of manufacturing, also procured fo 
ers by the treaty with Japan, has induc 
mense amount of Chinese capital to in, 
dustrial enterprises, under foreign super, 
foreign protection. American engineers 
and reputation will find wealthy Chinamen 
to endorse and promote legitimate indust; 
terprises. There is but a poor idea in th 
States of the wealth of China and her nx 
but a satisfactory proof is that of the nu 
factories in and around Shanghai. Althoug 
aged and superintended by foreigners, the « 
have furnished, if not the whole, at least t) 
of the capital. 

It musc also be remembered that t! 
Chinaman, seeing how modern appliances of is 
portation assist in diffusing prosperity, will a. nd 
that railways shall not be confined to th 
and that the Manchurian Railway, now und 
struction by the Russian Government, will neces 
sitate the establishment of new lines, and, taking 
into consideration the Chinaman’s natural te: \ 
to maintain established connections, it is evident 
that the firms first entering the market will ! 

a fair chance to increase their output. 4 

It has been stated that the investment of capita ta 
in China is subject to danger, owing to the pecula i 
tion and dishonesty of the Mandarins. But no = 
Chinese official can possibly interfere with a for 4 
eigner or his capital, owing to the ex-territoria! 5 
clause of the treaties, securing to every foreign 
resident not only the protection of his own fiag, 
but also of his own laws. No American can be ar 
rested in China except under a warrant issued 
by an American Consul, and his case must be «: E 
cided according to the laws of the United States , 
More than this: Not even a Chinaman in the em- 
ploy of a foreigner can be arrested except with th« 
consent of the foreigner, and when his case is 
heard in a Chinese court, a foreigner must sit Be 
with the judge, and approve of the verdict. It is me 
this immunity from arrest and oppression which Ke 
renders Chinese capital so anxious to invest in en- Ms 
terprises controlled by foreigners, and it may be 
added that, both in China and Japan, the reputa- 
tion of Americans for honesty and integrity stands 
high. 
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THE U. S. WHITE PINE TIMBER SUPPLY is thus r 
ported, in brief, by the Chief of the Forestry Division 1) 
partment of Agriculture: Since 1873 itis estimated tha 
154,000,000,000 ft. B. M. were cut in the forests of Michigan 
Wisconsin and Minnesota, together with 83,000 millions 
of shingles. In 18 years the estimated cut in the whole 
country is 200,000,000,000 ft. B. M. The wood pulp indus- 
try now consumes every year 800,000,000 ft. B. M. of 
pine, spruce and hemlock. The average annual consum)- 
tion of pine timber in the United States is 20,000,000 000 
ft. B. M., and the estimated standing coniferous growth ! 
the Northern States is about 100,000,000,000 ft. B. M 
divided as follows, measured in millions of feet board 
measure: Minnesota, 20,000; Wisconsin, 10,000; Michiga 
18,000; Pennsylvania, 10,000; New York, 15,000, and ¢ 
remainder in other states. Canada is reported as havi: 
standing 37,300,000,000 ft. B. M. of white pine, with a 
annual consumption of 2,000,000,000 ft. B. M. 


——__—_@—— 
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A NEW ROOFING AND FLOORING MATERIAL, sa 
to be both fireproof and waterproof, has been developed | 
the frm of Broendli & Co., Lavaterstrasse 6, Zuri 
Switzerland. The principal ingredisnts are waste paj 
sawdust and certain chemicals which make the mass 
sort of artificial stone. The substance is mixed like 
mortar and spread on the place to be covered, where 
dries and hardens in one or two days. While very har 
it is also elastic, and will stand some bending withou 
cracking or breaking. As laid for roofing it weighs abou 
26 Ibs. per sq. yd. in a layer %-in. thick, and costs, laid 
about $1 per sq. yd. It is a non-conductor of heat and is 
noiseless, which commends it for flooring purposes as coi 
pared with tile or concrete. everal school houses in 
Zurich are said to have been floored with the material. 
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‘HE FLOODS OF THE MISSISSIPPI RIVER. + 
By Wm. Starling, M. Am. Soc, C. E.* 


(With two-page engraving.) 

(Concluded from page 247.) 
highest floods that have ever prevailed in 
ssissippi proceeded mainly from the Ohio, 
Iminated in March, These were in 1882 and 
They are believed to have brought down a 
quantity of water at one time than any of 
we have an accurate account. The floods 
ie Western rivers, while some of them have 
ttended by a discharge not very much less 
, have usually been more remarkable 

, duration. The Upper Mississippi and Mis- 

irain an immense territory, covering twelve 

. of latitude and twenty-four of longitude, 

ibracing very great diversities of climate, 

titude and other conditions. Consequently 
ibutaries have their freshets at different 
and from different causes. The streams 
have their courses in Illinois, Missouri and 
as begin to pour out their waters long before 
tho which head in Montana and the Dakotas. 
W the same storm to distribute its waters uni- 
ily over the whole drainage-basin of the Mis- 
_ the floods from the headwaters of the main 
river and of the Yellowstone would have a distance 
traverse, to the mouth of the Missouri, of about 

» S8u0 miles; from the headwaters of the Platte of 
ut 1,600; from the sources of the Kansas, about 
1.000; of the Osage, 600; of the Gasconade, 300. 
The Upper Mississippi and Missouri have a number 

‘important but short tributaries, on both sides, 
which pour in their discharges but a short distance 

bove their mouths, and with great rapidity. Al- 
lowing a rate of travel of a flood-wave of 100 miles 
a day, it would take nearly a month longer for the 
freshets from the upper waters to make their way 
to the mouth than from the lower streams. But 
the latter are visited by storms, early in the sea- 
son, which do not extend to the upper waters. Con- 
sequently, the Missouri is in freshet, from one or 
arother quarter, for three or four months. At St. 
Louis a fairiy high stage is likely to prevail from 
April to July. 

Of course it is a matter of the highest conse- 
quence to forecast, if possible, the progress of the 
flood; and this can best be done by comparison with 
the records of past experience, to see if perchance 
any analogy can be traced which may lead to prob- 
able inferences for the future. With this in view, 
the progress of the different floods has been graph- 


hese 
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of its establishment. These observations are plot 
ted to the time as an argument. 

On the whole, the study of these 
disappointing. As a rule, there is very little re- 
semblance between the various floods of the Mis- 
sissippi, even between those of the same origin. 
With a few exceptions, there is hardly any analogy 
to be traced between the hydrographs of any two 
floods at whatever interval. The most remarkable 
of the exceptions alluded to is that of the three 
years, 1882, 1883 and 1884, which exhibited a 
great similarity in some respects. All came prin- 
cipally from the Ohio; all culminated at Cairo, 
from the 22d to the 27th of February, at a gage- 
height varying from 51.79 to 52.17, being the high- 
est on record; and neither was much complicated 
with the western rivers, except those of the Ozark 
system. Osten partial resemblances may be ob- 
served, for limited times, between floods of succes- 
sive years. 

It might be thought that it would be an easy 
matter to predict from a givea rainfall in the sev- 
eral valleys the stage to be reached at the dif- 
ferent points along the course of the main river, 
but in reality it is a very complicated problem. 
The number of stations from which the rainfall is 
reported is very limited, and these often exhibit 
wide discrepancies. It cannot be safely inferred 
that the average of the depth of rain reported rep- 
resents the mean rainfa!l]l throughout the basin in 
question, Again, it has already been seen that the 
ratio between downfall and drainage is very di- 
verse in the several valleys, and even in any one 
region ‘this rate differs from itself by a very wide 
range, according to season and circumstances. A 
rain of say 3 ins. in January does not by any 
means signify the same asa rain of 3 ins. in June. 
In the one case, the ground is frozen, and the hill- 
sides and declivities shed water like the roof of a 
house. The skies are mostly cloudy, the days are 
short, the air is cold,-the trees are bare of foliage, 
the earth witnout any cover of vegetation. It is 
well known that, taking the average of a whole 
year, there is no very great difference between 
rainfall and evaporation; but the ratio between 
these two elements for the several months exhibits 
a striking diversity. Observations made during a 
period of 143 years, at a station in Holland, on the 
border of Haarlem Lake, show that during No- 
vember, December and January the rainfall is 
about four times the evaporation. In May and 
June the evaporation is about twice the rainfall. 
In March the two are about equal. In this coun- 
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HYDROGRAPHS OF FIVE GREAT FLOODS ON THE CAIRO GAGE. 


ically indicated by curves or hydrographs for 
the different stations, and much study has been 
siven tothem. As early as 1871, gages were estab- 
lished at the principal stations on the Mississippi 
and its more important tributaries, and have been 
kept up continuously ever since. The zero of each 
sage is fixed approximately near the low-water 
point, or what was supposed to be such at the time 


; * This paper was prepared before the present flood was 
oreseen, and the remarks of the author upon various ques- 
tions in connection with the subject should be read with 
this fact in mind, 


m= Engineer Mississippi Levee District, Greenville, 


try the difference is still greater. The course of 
the seasons is different, too, and the time of equal- 
ity in the Mississippi Valley is about April instead 
of March. 

Now in June the earth is dry, porous and recep- 
tive, the sun hot, the air has greater capacity for 
moisture, the days are at their greatest length, and 
the whole surface of the ground, wild or cultivated, 
woodland, field, plantation or meadow, is covered 
with leafage. It is therefore often found that a 
storm which would have produced a calamitous 
freshet in winter or early spring raises the rivers 
but a few feet in summer. Hence it is, for one 
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floods. It is 
that the 
quantity of snow on the ground is so great, but 


thing, that spring is the season for 


not that the rain is so much heavier, or 
that whatever does fall is in large measure con 


verted into river wate The proportion of rain 
courses in the 


Valley is, in January and February, about 


that finds its way into the water 


Ohio 


70 .; in June 34°; from July to September about 
16 
There are several other considerations which 


greatly influence the height of floods. One of them 


is the condition of the ground as to moisture when 
the decisive rain occurs. It may be that the soil 
is already saturated with previous rains or with 
melted snows, so that it will not easily absorb any 
more, and this independently of season, It has been 
remarked in a preceding paragraph that a sudden 
and heavy rain, a “cloud-burst” as it is often 
called, produces rises in the pro- 
portion to the actual quantity of water which falls; 


and two or more of these, with only a short inter- 


Streams out of 


val between, may bring about a disastrous flood, 
when the same rainfall, spread 
would have been comparatively innoxious 

A very important element 
gards the stage to be attained, especially in th: 
lower trunk, is the height at 
rise finds it. It is a proverb among the denizens 
of the Mississippi Vailey that a full river on the 
first of January portends an < 


over a month, 


to be considered, as re 


which the principal 


veriiow in the spring 


This simply signifies that it is an unfavorable prog 
March rise to 


occupied by a great volum: 


nostic, so far 1s it goes, for the find 
the lower river already 
of water. Suppose a 


heavy storm in the Ohio 


Valley to produce a rise of 25 ft. at Cincinnati 
Nashville and Chattanooga It is obvious that it 
will make a great difference whether the result 
ing freshet finds the river at Cairo standing at 20 
ft. or at 40. 

" third element of great importanc: 
tion of the rise. <A freshet which rapidly goes up 
to 51 ft. at Cairo and then as rapidly falls, as in 
1886, is less formidable, and will actually reach a 
less height at lower stations than one which is a 
foot of two beneath it on the gage at the head of 
the alluvial basin, but remains at 
two or three weeks. 
out,” and the flood-wave is diminished in 
height, in the other it is propagated down stream 
with little loss. 

A fourth controlling element of a flood in the 
lower river is the local rainfall in the southern por- 


is the dura 


that stage for 
In the one case the rise “flat 


tens 


ion of the basin, which is sometimes so heavy as 
to keep that part of the river, for weeks, higher by 
several feet than the normal relation between the 
gages would prescribe. The precipitation in the 
lower part of the valley is sometimes extremely 
great. In the Yazoo Basin the rainfall for April, 
1874, was 22 ins. In 18938, the rain at Helena, in 
May, in a single week, and the quan- 
tity of water which fell in the Saint Francis Basin 
was sufficient to maintain the stage at Helena 
above 45 ft. for two weeks, when its normal stage 
should have been 42 or less. 

The rate of travel of the flood-wave is a subject 
of much interest and importance, and it might be 
thcught that it weuld be very easily predicted by 
a reference to the experience of former years. It 
is liable, however, to several perturbations. It is 
influenced by slope and by gaze-heizht, and is com- 
plicated by the intervention of tributaries and lat- 
eral basins acting as reservoirs. Some reference 
has already been made to the latter. A word of 
explanation is needed as to their action 

While a great part of the alluvial plain of the 
Mississippi, from Cairo to the Gulf, ig defended by 
levees, yet there are two large territories in which 
such protection is cnly partial, and up to a very 
recént time they were almost entirely destitute of 
any effectual levee-system. Consequently, all of 
the great floods of the Mississippi have their phe 
nomena singularly modified by the action of these 
basins; to such an extent, indeed, that even the 
veterans of the river service are not seldom puz- 
zlied to account for the vagaries which they ob- 
serve. 

There are several great “bottoms” in the Mis- 
sissippi Valley, each consisting of an expansion of 
the alluvial plain, limited by a chain of tertigry 
hills, at the foot of which runs the tributary which 
drains the basin. Most of these have been in 
closed by levees, and need not be considered with 
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reference to the present subject. The bottoms 
which are only partially protected are the Saint 
Francis and the White River Basins. 

The ranges of hills which bound the Mississippi 
Valley are approximately parallel, so that when the 
river runs close to the base of the bluffs on either 
side, it leaves a wide flat on the other. Now, from 
Cairo to Memphis, the Mississippi hugs the uplands 
on the left bank. On the right, then, is a great al- 
luvial bottom, about 190 miles long, in a straight 
line, and 35 miles wide. It is bounded on the west 
by a chain of hills called “Crowley’s Ridge,” which 
abuts upon the river at Helena. Crowley’s Ridge 
has no gaps in it, and it is far above the highest 
water of the Mississippi. The basin is intersected 
by one or two ridges of an older period. It was 
much disturbed by ‘the earthquake of 1811, which 
exhibited its greatest activity in the neighborhood 
of New Madrid, on its eastern border. The lands 
so affected still go by the name of the Sunken 
Lands. At the foot of Crowley’s Ridge runs the 
Saint Francis River, which debouches from the 
Ozark Hills, and makes its entrance into the Mis- 
sissippi through this plain. The latter is, there- 
fore, called the Saint Francis Basin. 

The bank of the Mississippi, on the eastern mar- 
gin of the basin, is low and liable to overflow, ex- 
cept where artificially protected. In the natural 
condition of the river, the water of the Mississippi 
began to éscape from its channel and run over the 
banks of the Basin at a stage of about 39 ft. on 
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secutively. This phenomenon, though it has been 
so often observed, is a source of never-ceasing won- 
derment to the people of the lower river, who see 
the extreme height of the rise attained at Mem- 
phis, and a fall begin to set in, which they expect 
to see propagated, in regular course, down-stream; 
when lo! the river, which has been nearly sta- 
tionary at Helena, 76 miles below, for a week, leaps 
up at the astonishing rate which has been de- 
scribed. Before the closure of the Yazoo Basin 
a precisely similar swell used to take place at 
Vicksburg. These movements are well shown on 
the accompanying hydrographs. 

It may well be supposed that such departures 
from regularity have not a little puzzled the pre- 
dictors. It is comparatively easy to foretell the 
time of arrival of a flood-wave at Cairo, but the 
prophet is liable to be out a week or so in his prog- 
nostications of high water at Helena, as well as a 
foot or two in the stage to be reached. 

The White River Basin is less than half as long 
as the Saint Francis Basin, and only about one- 
third of its breadth, so its influence in retarding 
floods was never very great. It is now closed; but 
in former years it produced, in conjunction with 
the Saint Francis Basin, a very marked local ef- 
fect upon flood-heights at Helena and below, as 
far down as the mouth of White River. Like the 
Saint Francis reservoir, the upper part of the ba- 
sin acted as a waste-weir for the surplus waters of 
the river, thus reducing the height of the water in 
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HYDROGRAPHS OF THE FLOOD OF 1884. 
(Showing Wave from Return of Overflow Water at Helena and Vicksburg.) 


tne Cairo gage or 40 at Helena. In great floods a 
very large volume is thus diverted from the chan- 
nel of the river—300,000 ft. per second or more. 

This overflow-volume travels slowly south- 
ward, impeded by its own shallowness, by forests, 
canebrakes and ridges, and by three railroad em- 
bankments, until it reaches the hills, when it is 
turned eastward, being discharged into the Mis- 
sissippi in the vicinity of the mouth of the Saint 
Francis, just above Helena. The bottom then acts 
as a vast reservoir, receiving at the upper end and 
discharging at the lower a volume equal to about 
one-fifth of the entire contents of the undivided 
Mississippi. ‘The effect of these operations is to 
depress the water-line at the point of withdrawal 
of the water, and to raise it again at Helena, where 
it is restored to the channel. 

The time occupied in the passage through the 
reservoir varies a good deal. At the ordinary rate 
of movement of flood-waves, even at lower stages, 
the passage should occupy, in a confined river, 
about 5 days. Under existing conditions it usually 
takes from 11 to 15 days. In 1890 it consumed 17 
days, and in 1891 it took about 23 days. The ef- 
fect, therefore, of the reservoir is to prolong the 
time of arrival of the crest of the flood at Helena 
from 6 to 18 days—usually about 7 to 10. 

When the water which has been accumulating in 
the reservoir is returned to the main channel, at the 
mouth of the Saint Francis, it is poured out in 
great volumes and with great velocity, so that in 
considerable floods it produces a rise at Helera of 
about one foot a day for three or four days con- 


its vicinity very materially—perhaps two or three 
feet. As to the Saint Francis bottom, it has been 
a much disputed question what effect the pros- 
pective closure of the front of the basin by levees 
will have upon the water-line. The better opinion 
seems to be that the flood-height at Helena will 
be considerably raised by the confinement of the 
waters above that point, assisted as it will be by 
the sealing up of the outlets into the White River 
Basin below. Formerly, the great piling-up of 
waters at the mouth of the Saint Francis at the 
time of the return flow, and the depression below 
caused by the outlets, made a very steep high- 
water slope at Helena, which carried off the ex- 
cessive discharge with comparatively little increase 
of gage-height. In 1882 an increase of discharge 
of 250,000 ft. per second or more was passed with 
only 1.5 feet of rise. With a completely confined 
river, doubtless the rise would have been nearly 5 
ft. It is probable that the discharge at Helena 
would not undergo any great variation in amount, 
and that it is only the height that would be af- 
fected by the change in circumstances. 

The basins produce another effect which is in- 
dependent of their being closed or open; that is, 
they act as regulating reservoirs to hold back the 
excessive discharges of the tributaries which enter 
them, and to distribute them over a considerable 
period. As the Saint Francis is not a great river, 
the influence of its basin in this respect is not im- 
portant. The White River Basin, however, is the 
recipient of the discharge of two large tributaries, 
the White and Arkansas Rivers, which have been 


known to pour into it, jointly, at the cres 
flood (in 1892) a discharge of 500,000 cy 
second; as much as the high-water dis: 
the Missouri. It has been shown* that 
the regulating effect of the reservoir not m 
300,000 ft. per second were poured into t} 
sissippi at any one time. 

An important and undesirable consequ: 
closing the Saint Francis and White River 
will be to bring the floods from the uppe: 
into closer coincidence with those from th. 
and Arkansas. The distance from Cairo 
mouth of the Arkansas is about the same « 
Fort Smith, on the Arkansas, or from the 
waters of White River. The storms which fa 
on the slopes of the Ozark Hills continue 
progress to the Central Basin or up the Oni 
ley, occupying only two or three days in the 
it. Hence the floods start at the different 
tions at nearly the same time. Heretofor 
freshets which came by way of Cairo have 
held back a week or two in the Saint Franci: 
sin, and the floods of the White and Arka 
have come and gone before the crest of the 
rise from Cairo reached the common mout 
those two rivers. After the closure of the ¢ 
reservoir, however, the freshets will be nearly 
temporaneous. This may justly be conside: 
serious element of danger. 

Various attemyis have been made to predi 
gage-heights to be attained at the several stati 
from the reported rainfalls, and also from 
known volume of freshets in the tributaries th. 
selves. For the former purpose, one method 
to compute the number of cubic miles of rain 
in the several drainage-basins, and then redu 
them to “run-off” by an appropriate factor. Thi- 
quantity was converted into discharge and this 
again into gaze-height. It will easily be seen that 
the inexactitude of the data and the imperfection 
of our knowledge of the relation Letween discharg 
and gage forbade accurate results from such a 
process. The best means of predicting the effec: 
of a given rainfall in a certain locality is by ob 
serving the previous behavior of the streams und»: 
circumstances as nearly as possible similar, in sea- 
son, stage and quantity. Thus, we find that a 
rain of 3 ins. in February or March, at Chatte- 
nooga, when the Tennessee is at a medium stage 
will produce a rise of perhaps 25 ft.; about 3 or 4 
on the first day, 8 or 10 on the second, the same on 
the third, then tailing-off fcr two or three days 
If the river is low or high, or if the season is far 
advanced, these modifying circumstances must re- 
ceive due consideration. Long experience gives‘a 
good deal of facility and some sagacity in thes 
matters; though the limited number of stations 
from which telegraphic reports are published pre- 
cludes anything like accuracy. There are immens 
tracts which are not reported at all on the ordinary 
weather-map; for instance, above Cairo, in South- 
ern Illinois and Indiana and Western Kentuck) 
there is a territory of more than 50,000 squar 
miles in which there is not a single regula: 
Weather Bureau station. When the principal up 
per stations have been reported, an experienced 
observer ougnt to be able to predict, within «a 
pretty fair approximation, the stage to be reache:! 
at Cairo. For this purpose, several methods hav: 
been employed. 

The system adopted by Professor Russell, in 
charge of the Division of Rivers and Floods of th: 
Signal Service, in 1890, was based on the follow- 
ing propositions: If there be a rise of a given 
number of feet at an upper station, then, first, th: 
rise produced at a lower station from this sourc: 
will be greater as the stage at the upper station 
is greater. Second, the rise at the lower station will 
be greater as the stage at the lower station is less. 
Third, the height to be reached at the lower sta- 
tion for a given rise at that point will be greater 
as the stage is greater. Hence, the rise at the 
lower point, considered with reference to any one 
point above, is a function of three quantities: of 
the rise at the upper point, of the stage at that 
point and of the stage at the lower point. Of the 
first two quantities it is a direct, of the third an 
inverse function. It is assumed, then, that an ex- 
pression can be found for thé unknown quantity 
by multiplying the first two known quantities to- 
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r and by a constant factor, and this sum by 
variable factor, dependent on the stage at the 
ver station. If there were only one tributary to 
onsidered, there would be no need of the con- 
cnt. but the whole multiplication could be thrown 
yon ‘the last factor. At a station like Cairo, how- 
there are several important rivers which af- 
‘the stage. For this point, therefore, the fol- 
ving points are considered: Cincinnati, Nash- 
Chattanooga and St. Louis. The rise at 
for six days is multiplied by the stage at 
same place on the day of the Cincinnati crest, 
the product placed equal to the sum of the 
‘ucts of the preceding 6 days rise at Cincin- 
the three days rise at Nashville, the six 
rise at Chattanooga and the four days rise 
st Louis, by the mean stages at the places, 
each product by an unknown factor. These 
ucts are grouped according to the magnitude 
.e Cairo stage, and factors derived for the va- 
< places except Cairo, as follows: For Cin- 
ati, 0.69; for Nashville, 0.62; for Chattanooga, 
for St. Louis, 0.32. For Cairo there is a 
able factor, as has been explained, depending 
stage. It runs from 0.3538 for a stage of 20 ft. 
0.150 for a stage of 48. 
iience, says Professor Russell, the rule for de- 
ing the Cairo rise is as follows: 


When the river has been rising at Cincinnati for at least 

jays, and has reached a crest, then the rise at Cairo 

the next six days will be equal to the preceding six-day 

e at Cincinnati multiplied by the mean stage of water at 

neinnati on the day of the crest and six days before, and 

y the factor 0.69, pltis the three-day rise at Nashville 

ultiplied by the mean stage and the factor 0.62, plus the 

six-day rise at Chattanooga multipled by the mean stage 

and by the factor 0.42, plus the four-day rise at St. Louis 

multiplied by. the mean stage and by the factor 0.32, the 

whole divided by the stage at Cairo and multiplied by the 
variable factor according to stage.* 


Usually the levee engineer does not seek to form- 
ulate a rule, but compares the given circumstances 
with the experience of the past, in a manner short- 
ly to be related. 

“Watch Cairo” is the standing rule of the river 
men. It is the barometer of the Mississippi. But 
do not forget to cast an eye occasionally on Fort 
Smith, Little Rock and Jacksonport (the last on 
White River). From the data afforded by these 
points, combined with the results of past experi- 
e:ce, the problem is to deduce the gage-heights to 
be attained at Helena, Arkansas City and points 
below. 

Every well equipped engineer’s office in the river 
service is provided with the hydrographs of the 
different floods which have occurred since the 
establishment of the gages at the various key- 
points, and also with such older important high- 
water data as have been preserved. In the office 
of the Mississippi Levee Board the floods from 1871 
to the present time are plotted, as they appeared 
on the gages of Pittsburg, Chattanooga, Cincin- 
nati, Nashville, St. Louis, Cairo, Memphis, Jack- 
sonport, Little Rock, Helena, Greenville, Vicks- 
burg and New Orleans. Such records as are ex- 
tant of the floods of 1844, 1858, 1859, 1862, 1865 and 
1S67 are also plotted. For each station, the floods 
of as many years as possible are placed on one 
sheet, using different colored inks and devices of 
dots and dashes, ‘ill the lines are so numerous as 
to threaten to become confusing, when a new sheet 
is begun. The object of this arrangement is that 
the curves may be compared readily with one 
another. Suppose now a flood to reach 49 ft. at 
Cairo, 25 at Little Rock and 30 at Jacksonport, in 
the month of February or March. Search is made 
until an example is found which corresponds as 
closely as possible to the given conditions. Such 
differences as are found to exist in season, dura- 
tion, stage, etc., are carefully taken into the calicu- 
lation. Then the experienced engineer ought to 
know very nearly what to expect in his particular 
locality. The inex.erfenced predictor will be likely 
to make grievous and mortifying mistakes, such 
as have caused many river-prophets to be without 
honor. 

In applying the records of past observations to 
the purpose of deducing therefrom the probable 
stages to be attained by a flood just coming into 
sight, it is indispensable to have an accurate 
koowledge of the changes that have occurred and 
that are coatinually occurring in the lower river, 
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* Report of Professor T. Russell, in charge of the River 
and Flood Division, in the report of the Chief Signal Of- 
ficer for 1891, Appendix No. 5, page 131, and Russell's 
Meteorology, pages 233, 234 and elsewhere. 
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especially in the way of levee-building. During 
the period from 1SS2 to the present time, and 
especially since 1884, there has been tremendous 
progress made in this direction, by which the 
whole high-water regimen of the Lower Missis- 
sippi has und>r.,sone a radical alteration. It is very 
difficult, therefore, to derive much instruction in 
the forecasting of flood stages and periods by a 
direct comparison of the records of years anterior 
to 1885, and, below Arkansas City, anterior to 1888 
This is the more to be regretted, for 1X82, 1S83 and 
1884 were undoubtedly three of the greatest flouds 
that have ever occurred, particularly the first and 
the last. The principal changes that have taken 
place are the complete closure of the Yazoo Basin 
in 1884-5, the rebuilding of the Arkansas levees of 
the Tensas front in 1886-7, the closure of the White 
River Basin just completed, the progress which has 
been made in the closure of the Saint Francis 
front, and the raising and strengthening of all the 
different works of this class which have been con- 
Stantly going on since 1882. It is necessary to 
bear these alterations continually in mind, in at- 
tempting to reason from the older data, else we 
shall make serious blunders. In endeavoring to 
apply analogies based upon the records of any 
great flood year, we must know all the circum 
stances which prevailed in that year, 
whether any crevasses accurred, and, if so, when 
and where they took place, how large they were 
and how extensive was their influence For in- 
stance, in 1882, in some places nearly half of the 
water of the river went over the banks. In 1890 
there were many localities where one-fourth of th 
discharge was lost in the same way In 1892, of 
the portentous outpour or the Arkansas—more than 
half of that of the Missouri at full flood—two-thirds 
never reached the Mississippi at all, unless it may 
have been through Red River, but went around the 
head of the Tensas system of levees, which was 
then open. It is want of familiarity with these 
important details which has gone so far to caus? 
the phenomena of the Mississippi, in time of high 
water, to be regarded as anomalous, and has 
caused the failure of many well-meant predictions 
It is evident, then, that if any instruction is to be 
derived from the records of the past, it must be as 
the result of attentive study, and that any con- 
clusion drawn from such records must be in the 
nature of a calculation, in which all the perturb- 
ing influences must be taken into account. There 
are several methods which promise a hope of suc- 
cess in this way. If discharge-observations have 
been systematically taken at any point, for in- 
stance Arkansas City, and a certain ratio of pro- 
gression established between the discharge and the 
height of the gage, then if the probable discharge 
can be- predicted the flood-height may become 
known. Again, if we can find any gage which 
has not been subjected to disturbing influences, but 
has remained unaltered for meny years, and if we’ 
can trace any parallelism or any known relation 
whatever between it and the gages below, at stages 
less than the highest, then by analogy the rela- 
tion may be extended to extreme heights. Such a 
gage is that of Cairo. If, therefore, the stage at 
Cairo be given, or can be calculated, the heights at 
the lower stations may be estimated. Now it is 
possible, from close observation of the rises in the 
great tributaries, or even from the reports of the 
rainfall, to make a pretty fair approximation to 
the stage to be reached at Cairo by any flood, and 
the probable discharge can be estimated from the 
stage and from other circumstances. 
Discharge-observations have been taken at sev- 
eral points with considerable care, and, though 
scattered and fragmentary, they extend over a 
period of many years. So far as any hope is con- 
cerned of deducing a regular relation between dis- 
charge and stage, they are extremely disappointing, 
for they are discrepant and apparently capricious 
beyond measure, and frequently show that the 
greatest volume passes at a stage much below the 
maximum, even several feet below. Some of the 
disturbing causes are known and calculable. Oth- 
ers are still involved in a good deal of obscurity. 
In the present state of our knowledge, not much as- 
sistance is to be derived from this method. Cer- 
tain average relations might be established, but 
averages bring us no comfort in extraordinary 
cases. 


The relations between the several gages have 
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been made the subject of a study by several en- 
gineers, particularly by Colonel Suter, Major Ros 
sell and Captain Townsend, of the Corps of En 
gineers, United States Army, who have drawn 
from them many interesting and useful conclu 
sions. As applied to the matter in hand, it may 
be said, roughly speaking, that under ordinary cir- 
cumstances, with the Saint Francis Basin open, a 
stage of say 4S ft. at Cairo, maintained for sev- 
eral days, with the Arkansas and White Rivers 
at a moderately low stage, corresponds to about 
16.5 at Helena, 49 at Arkansas City, 44 at Green 
ville and 48.5 at Vicksburg. Of course, these fig 
ures are subject to modification in all sorts of 
ways—by the behavior of tributaries and reser 
voirs, by diversities of slope, by duration of flood 
and by other causes—all of which must be taken 
into account if an estimate is to be at all accurat 
and even half a foot is a matter of serious con- 
sequence at the top of a great flood. The local 
“river prophets” have acquired considerable skill 
in this sort of prediction; and when once the ex- 
treme height at Cairo has been reached, or plaus- 
ibly calculated, they can foretell the progress of 
the flood down stream within pretty narrow limits 
As to general prognostications, they have a num- 
ber of saws, such as the one already quoted, that 
a full river on. the first of January indicates an 
overflow in the spring. Another is that an “open” 
or mild winter forebodes high water and a severe 
winter low water. So far as spring floods are 
oncerned, this view is rational enough. Warm 
winters generally imply southerly winds and Gulf 
storms—cold winters, high barometer and winds 
from the north and west. 
subject to many exceptions 


Nevertheless, the rule is 

For instance, the win- 
er of 1SS8-9 was very mild, but it was not rainy 
and the next spring was distinguished by a ve ry, 
low water. As to summer floods, they depend on 
causes which are too remote to give any indica- 
tions so early. 

The most wearisome, exhausting and dangerous 
floods are those which are composed of a succes 
sion of rises, each one catching its predecessor be- 
fore the latter has had time to subside. Instances 
are 1SS2 and 1890. The beginning of a flood-wave 
travels fast. When the river is 50 ft. at Cincin- 
nati and 25 ft. at Cairo, the slope is steep and the 
topmost layers of water move rapidly. On the 
contrary, the rate of recession is slow. When the 
gage at Cincinnati stands at 25 and the Cairo 
gage at 50, the movement of the wave is sluggish 
and it is easily overtaken by a sharp freshet. In 
this it is aided by the tributaries near the main 
stream, fed by the rain in the interior valley, 
which pour out their floods almost instantly, and 
check the fall in a very short time. An inspec- 
tion of the hydrographs of say Cairo and Vicks- 
burg shows a series of elevations and depressions 
in the former where the latter exhibits an almost 
unbroken rise. The great number of the tribu 
taries of the Mississippi makes it peculiarly sus- 
ceptible to these incidents. When the Ohio, Cum- 
berland and Tennessee have begun falling, it is 
pretty hard if a freshet cannot come from the Up 
per Mississippi, Lower Missouri or Illinois and keep 
the water up at Cairo till the eastern rivers have 
got their second wind, or, failing that, if the White 
and Arkansas cannot give it a fillip, just to keep 
the ball in play. A feeling akin to despair seizes 
the sufferer who has been “fighting high water,” 
as it is Very appropriately termed, for two months, 
and who has been, for two weeks, anxiously wait- 
ing for the fall at Cairo to reach him, when he 
reads upon the bulletin the news of a rainfall of 6 
ins. in the Ozark region, and a rise at Fort Smith 
of 14 ft. in 24 hours. 

The damage done by overflows in the Missis- 
sippi Valley is generally much overrated. The 
loss of life is usually absolutely nothing. Un- 
less one is unfortunate enough to live actually just 
behind a levee when it breaks, or to be standing 
upon it, there is very little danger. The reason of 
this is that the drainage is excellent, and all to- 
ward the back country, and that the fall of the 
water-surface is very rapid, the water spreading 
in all directions, and filling up the low grounds 
very slowly. There is generally plenty of time to 
save human life, and even to carry cattle and other 
property to places of safety Of course, there is 
serious harm done to crops, buildings, fences, etc., 
and often the land itself is badly injured by heavy 
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deposits of white sand. The inhabitants take their 
misfortun®s with much fortitude, and frequently 
the young people turn an overflow into a frolic. 
All sorts of water-craft are brought into requlisi- 
tion—canoes, skiffs, scows, bateaux, even rafts— 
and boating-parties and races are organized. The 
engravings give some idea of the scenes that are 
common at such times. 

The question is often asked whether overflows 
are not bevoming -nore frequent. 

There is no certain evidence that floods are be- 
coming more frequent or heavier, though recent 
experience points that way. Of floods before 1844, 
only partial and doubtful accounts are preserved. 
It is known that there were considerable floods in 
1809, 1811, 1813, 1815, 1823, 1824, 1828 and 1832. 
The only exact and continuous records of these 
early years were made at Natchez, and include 
the effects of the lower tributaries. The levee- 
system was only in its inception, and the condi- 
tions were so dissimilar to those which have pre- 
vailed since, that it is difficult to institute any 
rational comparison with later data. It is known 
that the flood of 1815 was very high at Cairo 
(51.6 on the present gage), and that the flood of 

832 was the highest on record at Cincinnati prior 
to 1883. The flood of 1823 was caused by a freshet 
in the Arkansas and White Rivers while the Mis- 
sissippi was high 

Since 1844 there are pretty authentic data. The 
year specified is remarkable for the highest water 
on record at St. Louis, namely, 4.3 ft. above any 
other, unless it may be that of the “annee des 
grandes eaux,” 1785, which is said to have been 
equal to it. There was a great rise in the Ohio in 
1847 (65.6 at Cincinnati), but it took place in De- 
cember, and seems to have passed off without 
greatly affecting the lower river. There was no 
flood till 1849. This and the following year reached 
a pretty high stage at Cairo. WBighteen hundred 
and fifty-one was high only at St. Louis and 
below the mouth of Red River. Then there was a 
long interval of low water, succeeded by several 
great floods in rapid succession—1858, 1859, 1862, 
1865 and 1867. Of these all except the fourth may 
be set down as of the first magnitude. From 1867 
to 1874 there was not even a moderate flood. In 
IS74 and 1876 there were tolerably high stages 
from Cairo down; and in 1875 occurred the an- 
omalous August flood to which allusion has been 
made. At Cincinnati the stage was 55.3, at St. 
Louls 29.8, at Cairo 45.1. All these floods were 
decidedly of the second order. From 1876 to 1882 
there were three seasons of very low water and 
two of moderate flood—1880 and 1881. The latter 
was signalized by a great spring freshet in the 
Missouri. Then vame the three capital floods of 
1882, 1883 and 1884, foNowed, in quick succession, 
by the floods of 1886, 1887, 1890, 1891, 1892 and 
1893. Of these, 1890 and 1892 were great floods, 
IS86, 1887 and 1893 were considerable and 1891 a 
moderate flood. The years 1894, 1895 and 1896 
have been distinguished by very low water. 

From the statement given above, it will be per- 
ceived that the years of low or moderate water ap- 
pear to come in cycles, from four to seven years in 
duration, and at somewhat ‘irregular intervals. 
The shortest cycle was from 1844 to 1849 and the 
longest from 1850 to 1858, and from 1867 to 1874. 
If we plot the highest gage-readings reached at 
Cairo for several years, we shall behold a suc- 
cession of crests of very irregular height, separated 





Flood Heights at Cairo, 1844-1896, 


by intervals varying from three to nine years. The 
extreme depressions are not so well ascertained; 
but so far as the data go, they; too, are from four 
to nine years apart. There are two great flood-cy- 
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cles—from 1858 to 1867, and from 1882 to 1892—the 
one of ten the other of twelve years. In the for- 
mer there were four floods of the first class and one 
of the second.* In the latter there were five first- 
class floods and three second-class. 

It would be interesting to examine the connection 
between floods and the clearing of the forests; and 
also between floods and the cycles of maxima and 
minima of sun-spots. But, as Mr. Kipling would 
say, that is another story. 


APPARATUS FOR FLUSHING SMALL SEWERS. 


For flushing the smaller sewers of New Haven, 
Conn., an apparatus has been devised by Mr. 
Dillon, formerly Superintendent of Sewers, and Mr. 
Chas. A. Ferry, C. E., of that city, which may be 
briefly described as follows: 

A skeleton frame of wood with a circular hole 
in it is first placed at the bottom of a manhole. 
Through the hole is inserted the curved end of a 





Pipetocity 
Distribution. 


baer 
Fig. 1.—A Belgian System of Sewer Flushing. 


sheet iron pipe which is made in two sections. 
The purpose of the wooden frame is merely to 
hold the pipe in position. The lower section of the 
pipe, which includes its curve, is slightly smaller 
than the diameter of the sewer, and the upper 
portion is telescopic, so as to admit of adjustment 
to the depth of the manhole. 

The latter pipe is directly connected with a 
watering-cart placed over the manhole. In oper- 





NOU, 


Fig. 2.—Bag for Flushing Large Sewers. 


ating this flushing apparatus, a wooden float 
of ellipsiodal shape and having a shorter diame- 
ter somewhat less than that of the sewer-pipe, is 
passed down the flushing-pipe and is held a few 
feet in advance of the mouth of this pipe by a 
cord passing up the pipe and attached to a reel. 
The tank in the cart has a capacity of about 105 
cu. ft. and can be emptied in 7 seconds. The ball 
forms a temporary dam which moves forward as 
the cord is paid out from the reel until another 
manhole is reached. At this next manhole a man 
is stationed to shovel away the sand, etc., cut out 
by the current coming from under the ball and 
earried down by the water. This apparatus works 
well and cheaply. 

In describing this American device “Le Genie 
Civil” claims that the same principle has been in 
use in Belgian cities since 1888, and it describes 
what is a somewhat analogous process, as fol- 
lows: 


#1859, though not very high at Cairo, was a great flood 
below the mouth of the Arkansas, 
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The Belgian movable dam was devised }, . 
Wittevronghel, City Engineer of Antwer; : 
was exhibited at the Brussels Exposition 
and at the Antwerp exhibition in 1894. 
paratus includes an iron reservo'r carr: d 
side wheels (see Fig. 1) and provided 
justable feet for fixing it in position over 
hole. In the bottom of this tank is a 
opening, into which fits a telescopic pip: 
is let down the manhole and has a vert{c: 
ing in the side pointing in the direction 
down grade of the sewer. This iron 
easily transported and carries with it all t 
and accessories. It weighs about 1,320 |p< 

In operating this device it is placed . 
mouth of the manhole, the telescopic pip, 
ered until it touches the bottom of the se 
the top opening in the pipe is closed by a h 
tal gate, and the tank is then filled by a h 
necting with the nearest city hydrant, 
the tank is full, the gate is opened and th: 
contents, about 105 cu. ft. of water desce; 
pipe in about 5 seconds. The resultant 
very powerful and drives all obstructing m 
towards the next manhole. The Antwerp s 
sewers, having diameters varying from | 
2.46 ft. and a total length of about 66 mile: 
very light grades, are cleaned by this S8 
solely. Four men can operate the apparati 
the total cost of the tank and its pipe is 
$400. 

For cleaning sewers of larger diameter 
Wittevronghel uses what he calls a “pocket-: 
This device (see Fig. 2) consists of a tarred 
vas bag with dimension varying with the dia: 
of the sewer and of the manhole. The mout 
this bag is held by a number of small wire ) 
attached to a nut which in turn has passing 
through it a strong screw, held in the mouth of th. 
manhole by an adjustable clamp. The bag, low 
ered into the manhole and held in position as 
scribed, is then filled with water from the city 
mains. The sides of the bag are thus pressed 
firmly against the sides of the sewer and form a 
dam; when the water has been thus raised suf- 
ficiently in the sewer, the screw is released as 
quickly as possible and the bag falls to the bot 
tom of the sewer under the pressure of the water 
A cord attached to the bottom of the bag enables 
it to be withdrawn through the manhole. 

This device has been found to be very econom 
ical in sewers which have a sufficient water suppl) 
for the purpose. By this process a sewer, 614 ft 
in diameter, 11,480 ft. long, and having in it a 
mean depth of mud of 1.64 ft., was cleaned out at 
a cost of 0.07 francs per lineal metre, or less than 
1%4-ct. per lin. ft. 
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THE HAND-AUGER AND HAND-DRILL IN PROSPECT: 
ING WORK.* 


By Charles Catlett, M.Am.Inst.M.E., Staunton, Va 


Having had occasion during the past year to do a large 
amount of prdspecting work, I have found the use of 4 
hand-auger and drill of immense value in this respect 
and in my practice it has largely superseded, and always 
preceded, the other forms of investigation. I believe that 
the information desired was thus acquired at one-fifth 
what it would have cost by any other method, 

Mr. Darton, of the U. S. Geological Survey, has referred 
to the excellent results obtained in his work by the use 
of a small auger, and a similar instrument has no doubt 
been used for prospecting purposes; yet it seems to be 
to no one’s interest to manufacture them—at least I could 
learn of none on the market. I was therefore compelled 
to make them with such additions and modifications as 
experience showed to be necessary. The result may b: 
summed up in the following description of a set of the 
tools: 

1. An auger-bit of steel or Swede iron, with a steel point. 
twisted into a spiral, with an ultimate diameter of 2 ins 
and an ultimate thickness of blade of not less than \-in 
The point is found more effective when split. The lengt! 
of the auger proper was gradually increased until abou! 
13 ins. was reached as the apparent maximum which could 
be used effectively. The 13-in. auger contains four turns 
This was welded to the end of 18 ins. of 1-in. wrought-iron 
pipe, on which screws were cut for connection. 

2. One foot of 1%-in. octagonal steel, with a 2-in, cut- 
ting face, which is likewise welded on to 18 ins. of pipe. 
cut for connections. 

3. Ten feet of 1%-in. iron ret, threaded at either end 

* Abstract of a paper read at the Chicago meeting of 
the American Institute of Mining Engineers, Feb., 1897. 
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onnection with 1-in. pipe. When connected with one 
the drill-bits this becomes a jumper for starting holes 
rough hard material. It is also used when desired to 
sive additional weight to the drill in going through rock 
w the surface. 
Sections of 1-in. pipe and connections. 
An iron handle, with a total length of 2 ft., arranged 
a central eye for sliding up and down the pipe and 
a set screw for fastening it at any point. 
\ sand-pump, consisting of 1 or 2 ft. of 1-in. pipe, 
, simple leather valve and a cord for raising and low- 


rwo pairs of pipe-tongs oF two monkey-wrenches, 
rachments for turning them into pipe-tongs. 
ndries: 25 ft. of tape, oil-can, flat file, cheap spring- 
water-bucket, etc. 
.uger is used by two men, who, standing on opposite 
turn it by means of a handle. The handle is also 
giving a good purchase for starting the auger 
in opposition to the air-pres- 
which is considerable. Enough water is continually 
just soften the material. Usually the auger brings 
small | which is ee: and unaffected. Every 
it is Bergeon out, 


n 
the bottom of the hole, 


ned by means of the set-screw as the auger goes 
At every slight change of the material the depth 

,e character of the material is recorded. 
n hard material is encountered the auger-bit is 
wed off and the drill-bit screwed on, thus forming a 
rn-drill, which may be used for passing through the 
i material, the auger being replaced when softer ma- 
ial is reached. The churn-drill is used by lifting it and 
ng it fall, turning it slightly each time. Its weight 
kes it cut quite rapidly. When the drill is used the 
k is either worked stiff enough to admit of its being 
thdrawn with the auger, or it is extracted by means 
¢ the sand-pump or a hickory swab. In either case the 
rial is washed and a sample is obtained of the strat- 
im through which the drill is cutting. After washing 
the material from one stratum the washed material is 
xed and a sample is put into a botttle and labelled. 
) passing through *‘ ‘wash-ore”’ (i. e., iron-ore consisting of 
nall particles mixed in clay or other material that can 
be separated by washing) the material is brought up by the 
vuger, put into a vessel with a perforated bottom (an 
empty tomato can, hav ing holes punched into the bottom 
nd provided with a wire-handle, does very well), weighed 
by means of the spring-balance, washed and weighed 
; and thus an approximate idea is obtained of the 
in the material, while a sample is se- 


agaln, 
proportion of ore 
ured for analysis. 

As the mere recollection of the contents of the several 
holes cannot be safely depended upon, it is very impor- 
tant that an accurate record should be kept. To secure 
this is one of the difficulties encountered with ordinary 
foremen, though they are generally found to recognize ac- 

irately very slight changes of material. My foremen 
were provided with small vest-pocket note-books, and 
were soon trained to write down everything and to trust 
nothing to memory. 

The holes were located as far as possible with refer 
ence to some natural object or to some other hole so 
located, and the distance therefrom was in all cases meas- 
ured, not guessed at, the compass-direction being recorded. 
Every hole was marked with a substantial peg bearing its 
number and location. In designating the holes upon the 
record care was taken to avoid all causes of confusion. 
Separate properties, or great natural divisions on large 
properties, were designated by letters, minor divisions by 
numbers. For instance, we would have as the first num- 
ber at a certain location on a property ‘Location H. 
Drill-hole 8,000."" The first number in the next natural 
division to the southward on the same property was desig- 
nated ‘‘Location I, Drill-Hole 9,000,’ and so on. By allow- 
ing 100 holes for the minor divisions of each locality, it 
was made possible to return and put in additional holes 
without confusion or conflict. With such a record it was 
possible to plat the location of the holes in plan and 
elevation, and give a visible representation of the “lay” 
of the strata intersected. 

Of course the best work with such tools is done on soft 
material, but it is entirely practicable to go through hard 
material (a few feet of quartzite or flint, and many feet 
of ore being often encountered in a single hole), and the 
ability of this simple contrivance to go through inter- 
bedded layers of hard and soft substances makes it very 
efficient, 


The cost per foot increases considerably with depths ex- 
ceeding 50 ft., but at the greatest depth I attained (some 
“) ft.) I did not reach either its capacity or the limit of 
's economical use as compared with other methods. Up 
to 2 ft., two men can operate it; from 25 ft. to 35 ft., 
three men are necessary; from that to 50 ft., a rough 
frame, 15 ft. to 20 ft. high (costing something over $1.00), 
for the third man to stand on, is required. The frame can 
be moved from point to point. Above 50 ft. it is generally 
necessary to take off one or two of the top-joints each time 
the augur or drill is lifted, Labor was paid 90 cts, per 
day of ten hours. A foreman at $1.25 could watch three 
or four holes. The only current repairs consisted in 
sharpening drills, and their amount, of course, depended 
upon the material. 


A simple form of sewer inlet 
accompanying 
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A CAST-IRON SEWER INLET. 


illustration. 


is shown by the 
It has 


a removable 


front and bottom which can be lifted off without 


removing any 


bolts, 


and is set without the use of 





cement 
Foundry 
with the 
blocks, 
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made 
Bend, 
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by 
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BOUNDARY LINE MARKERS; CHICAGO & WEST 
MICHIGAN RY. 


Ind. 


the South Bend 
Straight inlets 

in the center of 

company. 


The accompanying drawing shows the standard 
boundary 
, on the 


sign for marking the 
way, 


station grounds, etc 
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bade 


6" re" 
wtoed 


lines of right of 
Chicago & West 


Rear. 


Bond Steel Post Boundary Line Marker, Chicago & West 
Michigan Ry. 


Michigan Ry. 


During the 


last three or four years 


Mr. J. J. McVean, M. Am. Soc. C. E., Chief En- 


gineer of this company, 


Northern Cities. 


Southern Cities. 


Western Cities. 
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Stations. 


( Northfield, Vt........ 
Portland, Me......... 
New York Cc Be cts 
Pittsburg, Pa........ 
Cc Riseae J pecewe-e cccese 
Omaha, Neb. 

St. Paul, Minn. ...... 
Duluth, ‘Mino. eveccee 
Bismarck, N. Dak.... 


_Average.. eseccccecce 
Washington, D.C.,... 
Louisville, Ky........ 
St. Louis, Mo......... 
Savannah, Ga........ 
Kansas City, Mo..... 
Jacksonville, Fla.... 
Chattanooga, Tenn.. 
New Orleans. La..... 
Mewphis, Tenn...... 
Palestine, Tex. 


AVOTARC. cocccccccce 


Helena, Mont........ 
Port Angeles, Wash.. 


San Francisco, Cal .. . 


Salt Lake City, Utah. 
Santa Fe. N. Mex.... 
Denver, Colo........- 
Yuma, Ariz ...c.ccces 


AVCTAZE..cccccceses 


has been making careful 


Temperature. 


(Degrees Fahrenheit.) 
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dhe ee en nce ee 


surveys and mapping its property, and to mark 
the corners and other boundary points it was de- 
sired to secure as nearly permanent as pos- 
sible and yet one not costing much, After 
some investigation the elected the de- 
sign illustrated, is the Bond 
steel fence post with the proper sign plate at- 
tached, and stamped with the initials of the rail- 
way and the letters R. W., denoting “right of 
way.’ These posts are placed in the ground about 
3 ft. deep, le zy just the top bearing the 
plate in vie ground Regarding this sign 
Mr. McVean writes: 

Of course, we 


i sign 
too 
engineer 


which it will be seen 


aving sign 


v¥ above 


cannot say how long these posts will last 






as we have put them in only duri he past year. They 
seem to be a good thing and pref le to pieces of steel 
rail from the fact that in using steel rails we find that 
people are liable to think the marker is a piece of rail that 


has become buried accide nt ally 
itaway. These posts are har 
show at a glance 
fara sn} 5 

re people are 


and will r 
i to remove 
+) y , 

hat they are placed for 
not liable to molest them, 


emove and carry 
and besides they 
a purpose, there- 


In conn 
that the 
have 


ction with the 
jond Steel 
submitted to 

designs for ste 
the question of 


foregoing it may be noted 
Fence Co., of Adrian, Mich., 
the Pennsylvania Co. several 
‘| track signs of various kinds, and 
their adoption is now in the hands 
of a special committee of the officials of the 


pany 


com 
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THE REMOVAL IRON FROM A 
supply has lately undertaken by 
Germany. The water itself 
good quality, except that it is charged 
extent of from 4 to 7 milligrames per litre 
an abundant 
and 


OF 
been 


CITY WATER 
the city of Ktel 
pure and of 
iron to th 
The result was 
distribution 
which 


is spring water, 
with 


deposit of iron in th 
the development of 
disagreeable 
stalled had a « 


U. S. 


system 
polysphore s 
The 
apacity of 18,000 cu, m 
gallons per day. The 


imparted a 
purifying plant in 


$750.000 


taste to the water 


-, or about 


water was first made to tra 
verse a system of metallic channels and cascades: the 
channels being undulating and perforated. The water, 
thus thoroughly aerated, then passed through a bed of 
coke, 10 ft. thick, and having a surface of 2,150 sq. ft. 


This bed was divided into eight 
rested upon a perforated bed of this bed the 
water fell, drop by drop, into two receiving basins con 
necting with two covered reservoirs. The iron is in great 
part left the rough of the coke, and thia 
surface is washed off once per week by isolating one of 
the compartments at a time however, the 
water containing only from on seventh of 
the original quantity of iron, is passed through sand fil 
ters, each about 65.6 ft. long, and 49 ft. wide, covered by 
vaults and a bed of The filter material is 
coarse and fine stone and fine sand arranged in layers, witn 
the filtered water leaving the bottom, and on leaving this 
filter the water passes into covered reservoirs holding from 
130,000 to 238,000 gallons each. The sand filter is cleaned 
by removing a thin upper layer of the sand and replacing 
it with clean sand. This treatment has proved successful 


equal compartments 
iron 


and 
from 


upon surface 


Before use, 


sixth to one- 


masonry earth, 


the iron is completely removed and the water is unob 
jectionable in color, taste and smell. One man ts suffi 
cient to operate the whole plant. 


(Furnished to Engineering News by the Department of Agriculture.) 


Wind. Precipitation—rain or 


: are melted snow—inches. 
Velocity in 


‘ Direction 
miles per hour. 


at time 7 
Heaviest No. of 
Average. Max. Min. Range. of — Total. in rainy 
Average.| Max. Velocity. 24 hours, days. 
26.5 40 —18 67 10.8 50 NW 2.73 73 14 
31.8 52 j-— 1 53 aoe 31 NW 4.55 1.10 12 
39.2 62 16 16 15.6 57 Ww 2.51 .63 13 
44.6 70 24 i6 7.8 43 s 3.50 a5 18 
34.7 58 17 41 19.4 19 E 3.56 1.00 16 
34.6 66 - 3 69 9.5 38 E 1.47 .62 12 
24.2 60 — 9 69 8.1 30 NE 2.95 1.06 12 
21.8 42 |—11 53 9.3 10 NE 1.34 .26 13 
11.8 i8 36 84 8.9 35 N 91 44 9 
29.9 56 |— 2 75 10.7 41 2.61 -74 13 
| 
| 416.0 82 26 56 8.1 3 NW 2.66 6 13 
}; 43.8 77 27 50 10.8 38 SW 7.95 1.52 16 
| 46.6 76 20 56 11.4 3s Ww 8.25 3.3 15 
| 62.8 86 10 46 9.2 30 w 4.16 1.48 10 
42.2 76 6 70 93 27 NW 2.57 76 10 
68.8 88 48 40 9.3 32 SW 1.60 1.43 7 
53.9 80 32 ix 9.4 410 8 11.22 2.48 19 
| 693 84 50 34 10.6 36 NE 4.82 2.30 11 
55.4 80 34 46 13.3 41 Ww 10.04 316 20 
64.0 R5 38 17 9.0 32 SW 819 3.27 15 
55.8 ost hae 19 10.0 35 6.13 06 14 
| 21.4 ‘6 —14 70 5.9 35 w 1.23 73 R 
| 38.2 55 19 36 6.3 30 SW 2.40 Ad 19 
48.9 63 39 24 11.3 36 SW 1.56 1.42 15 
| 33.6 62 10 52 7A 38 w 2.20 65 11 
| 36.7 61 5 56 8.6 35 sw 2.06 -71 s 
| 235.7 69 5 64 5.8 38 NW 90 40 0 
_ Station Closed. —— —— —- os cae _— — ao 
35.8 61 11 50 8.0 35 2.22 73 12 
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The Board of Examiners of the Building Depart- 
ment of New York city is legislated out of exist- 
ence by a bill which passed the New York legisla- 
ture on April 23. We discussed editorially the ac- 
tions for which the Board of Examiners has been 
responsible in our issue of Feb. 4, and we believe 
the legislature has acted wisely in abolishing this 
body, not alone because of the acts which we criti- 
cised, but because it was made up for the most part 
of men who were neither elected by the people nor 
appointed by a responsible public official, but were 
selected by private trade or technical societies. 

These men, once in office, were responsible to no 
one. The organizations which were by law entitled 
to a representative on the Board of Examiners 
were the New York Chapter of the American In- 
stitute of Architects, the New York Board of Fire 
Underwriters, the New York Real Estate Ex- 
change, the Society of Architectural Iron Manu- 
facturers, the Real Estate Owners’ and Builders’ 
Association, and the Mechanics’ and Traders’ Ex- 
change, the latter being entitled to two members. 
Perhaps at the time the law was framed all these 
societies were representative organizations of in- 
fluence and importance; we do not know as to that, 
but we do know that at the present time we have 
not been able to find the headquarters or officers 
of either the Iron Manufacturers’ or.the Builders’ 
Association, and the Mechanics’ and Traders’ Ex- 
change, we are informed, has declined in its mem- 
bership to a small fraction of what it had a few 
years ago. Doubtless in all these the semblance 
of an organization has been maintained in order 
to secure the position on the Board of Examiners 
given them in the law. 

The absurdity of giving to any such societies 
the power to name public officials who are clothed 
with well-nigh autocratic powers is self-evident. 
The bill referred to above establishes in the place 
of the present Board of Examiners a Board of Ap- 
peals, to be made up of the Superintendent of the 
Building Department, the Chief of the Fire De- 
partment, and five members appointed by the 
Mayor, of whom two shall be architects, one a civil 
engineer, and one a member of the New York 
Board of Fire Underwriters. It is earnestly to be 
hoped, in the interest of good government, that the 
measure may receive the approval of the Mayor 
and the Governor and may become a law. 


In our issues of Feb. 25 and April 8 we referred 
to the advertisements of stock in the Holman lo- 
comotive concern, which have been published in 
leading daily papers of Philadelphia and New York. 
Concerning the appeal which this company has 
made to investors, no further comments are needed 
in these columns; but we do consider it our duty, 
in the interest of safe railway travel, to call atten- 
tion to the danger which will exist in running Hol- 
man locomotives at high speed to haul passenger 
trains. It appears that the South Jersey R. R., on 
which the exhibition runs with the Holman loco- 
motives were made last summer, has purchased 
two Holman locomotives, which we understand are 
to be used to haul fast passenger trains from Phil- 
adelphia to Cape May this summer. Quite apart 
from the merits or demerits of the Holman scheme 
from the financial point of view, is the question 
as to the safety of hauling trains of crowded pas- 
senger cars behind a locomotive with its driving 
wheels perched up on a structure of small truck 
wheels two stories high. The three leading claims 
for its invention which the Holman Locomotive 
Speeding Truck Co, makes are greater speed, safety 
and economy. Passing for the present the first 
and last claims and examining the company’s 
claim for greater safety, we find only the following 
argument, quoting from its published circular: 


Safety is increased in greater proportion than speed 
because of the very nature of the construction which is at 
once flexible, easy riding, compensating and distributing. 


In order that the lucidity of this statement may 
be fully realized, we have drawn the accompanying 
little diagram showing the character and general 
arrangements of the Holman speeding truck. In 
the diagram a, b and c are the wheels which travel 





to a Locomotive, and the Connections Between the 
Truck and Driving Wheel Axles. 


on the rail. Mounted on these track wheels are the 
two wheels d and e, which in turn carry the loco- 
motive driver f. Ata b, bc,ad, df, etc., are bars 
with loose bearings on the axles just inside the 
wheel fit. Ata gis a chain fastening the forward 
axles to the locomotive frame. The question which 
at once suggests itself is: what would happen if 
any of the wheels a, b c should leave the rail. Ap- 
parently but one thing could happen, the resistance 
of the derailed wheels would be such that the 
drivers would ride right over the trucks. These 
would swing back and up, and the driver would 
drop down to the ground. Just what would then 
occur it would be difficult to prophesy in detail; 
but every one familiar with railway accidents 
knows that when a truck is stripped loose near the 
head of a train, it is likely to tear the trucks be- 
hind it from the car bodies and make a serious 
wreck from an ordinary derailment. In the Hol- 
man locomotive the 10 pairs of wheels on which the 
drivers rest appear to us to be admirably designed 
to form a stumbling block and make a bad smash- 
up from any derailment of the locomotive. 

If this statement is correct, what right have the 
managers of the South Jersey R. R. to subject 
their passengers to such danger? What legitimate 
reason have they for this action? So far as the 
claims for greater speed are concerned, we are un- 
aware that the experimental Holman locomotive 
ever made speeds so high as have been recorded 
with ordinary locomotives; and, as a matter of 
fact, any locomotive builder can furnish a locomo- 
tive which will haul trains at as high a speed as 
safety permits. It is true that the Holman loco- 
motive gives a higher train speed for a given piston 
speed; but so far as this is an advantage, it can be 
attained in a far simpler and more sensible manner 
by the use of large driving wheels. As for the 
claim of greater economy, there is no reason what- 
ever, on theoretical grounds, to expect it, and it 
ought to be proved by long service and trial under 
various circumstances before a railway in a re- 
ceiver’s hands, as the South Jersey is, would be 


justified in attempting to save money | 

device. The question recurs, therefore, ao 
son had the South Jersey officials for | ee 
two Holman locomotives at a price whi i 
Holman company’s circulars can be bel: : 
rants that concern in capitalizing its pat. 
at $10,000,000. 

—_——_—_@——____ 

The paper of Mr. Starling on the 
River floods, which is concluded in this 
especially interesting in view of the ava) 
newspaper editorials which has appearej 
upon the levee system and the expenditur: 
and National funds for the control of ¢! 
river. Mr, Starling’s paper is a record of f. 
not a statement of opinions; but no one 
his paper without feeling how emphati: 
questions in connection with the contro! 
Mississippi are questions which demand th. 
ing and experience of the engineer to sol 
successfully. To this fact, however, the ne 
editors almost without exception are quit: 
ous. Their ideas upon the subject are as 
as if they had been studying river regula: for 
a lifetime. Several of them profess great ‘ajith 
in scientific forestry as the remedy for Mis 
River floods. Perhaps they are good phys 
but it is worth remembering that the «z 
tributaries to the Mississippi River floods ar th, 
Cumberland, the Tennessee and the stream } 
feed the Ohio on the south, all draining the : 
of the Alleghanies, while, of the tributaries «© hj} 
reach the lower Mississippi on the west, thos 
potent in producing floods are the streams tha: 
drain the well wooded Ozark and Ouachita regions 
Again, to fit with the theories of the forest reser 
tion advocates the floods should be great!) 
creased at present over what they were 20) or 30 
years ago; but there is nothing to show that this is 
the case. The flood heights measured on the river 
gages have been greater this year than ever before 
it is true; but, as Mr. Starling plainly shows, that is 
certainly due in large part to the greater perfection 
of the levee system, which has kept a larger volum: 
of water in the main channel. There were cer- 
tainly great floods in the Ohio and lower Miss- 
issippi when the timber growth on their chief 
tributaries was practically in its virgin stat 
hence, without denying the possibilities of som 
cegree of benefit from forestry, it looks as if its 
influence upon the lower Mississippi could be but 
small. 

There is another set of editors who are imbucil 
with the idea, obtained from some unknown sour: 
that the levees cause the bed of the Mississippi t 
be gradually raised, and in their mind’s eye the) 
cee the great stream rising higher and highe: 
until the entire flow is carried between artifticia' 
banks above the Iecvel of the country upon each 
side. Of course, from that point of view, they de- 
nounce the levee system as a stupendous fraud 
Before accepting this idea, however, let us make 
sure that the levees do actually cause the deposit 
of silt in the river and the gradual elevation of its 
bed. It might be easy to show that either a filling 
in or a scour has occurred at some particular pla 
on the’ river, but it would be a difficult task tv 
determine whether the average height of the riv«: 
bed as a whole has increased or decreased in th 
years since the levees have been in operation. W: 
recall no evidence that shows that either has taken 
place. 

Some mention is still heard at times of the olu 
plan of building gigantic reservoirs on the he.- 
waters of the tributary streams to store the sur- 
plus flow. Anyone who thinks this plan is feasib!: 
should examine the figures showing the cost o! 
storing a million cubic feet of water as develop: 
by experience on the water supply systems of Ne 
York or Boston, for example. If he will then con 
pute the cost of storing a sufficient volume of wat: 
to have a restraining effect upon a river with ; 
flow of 1,500,000 cu. ft. per second, he will have a 
idea of the expenditure which an adequate reser 
voir system would involve. 

Two other ideas which we find very common!) 
expressed in the newspapers are, first, that th: 
levee system has been enormously costly—on: 
paper sums it up as “hundreds of millions’—and 
second, that the present ffood is a sort of fina! 
proof that the levee system is a total failure. It is 
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true that the levees have cost large sums, but they 
have not been so enormous compared with the 


value of the land which they have reclaimed. As: 


respects the second matter, the fact is’ generally 
overlooked that the levee is of value not only in 
keeping the lands behind it free from floods, but 
alsg from ordinary high water. With the present 
levees, the river overtops or breaks through them 
perhaps once in three to five years. But even in 
these years, it is almost always possible to make 
some sort of a crop on most of the inundated plan- 
tations. With no levees at all, a large area of 
fertile land would be overflowed every time the 
river rose above an ordinary stage, and thus would 
worthless. 

«ae present levees are not the best or 
strongest that might be built, but notwithstanding 
the present year’s flood, they are well worth all 
they have cost. The country which they protect 
is every year increasing in wealth, and not a small 
part of this increase is being invested every year in 
raising and strengthening the flood defenses. The 
editors of papers a thousand miles away may be 
ready to declare the levee system a failure and to 
abandon the fertile bottom lands to be overflowed 
by every rise of the river above an ordinary stage, 
and become an impenetrable swamp; but those 
whose homes and sole possessions are in this region 
and who have contributed the greater part of the 
sums which the levee defenses have cost have no 
such intentions, and it is with them that the deci- 
sion rests. 





o——- 

An important improvement In the method of 
casting pig iron at blast furnaces is described else- 
where in this issue. With all the marvellous ad- 
vances that have been made during the last 25 
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years in blast furnace practice, by which the pro- 
duction of a single furnace has been increased ten- 
fold, its full consumption cut down a third, and the 
quality of its product regulated with remarkable 
success, in one respect, namely, the handling of the 
raw material and of the finished product, the 
method of operation at all furnaces, with a few 


notable exceptions, has remained unchanged 
for hundreds of years. At the new Oblast 
furnaces of the Carnegie Steel Co. at Du- 


quesne, Pa, the handling of the raw materials 
is done entirely by machinery, the ore, fuel and 
limestone falling by gravity through chutes from 
the storage bins into small cars which are pushed 
by a locomotive to the hoist, which takes them to 
the top of the furnace and discharges the contents 
into the hopper. At the Lucy furnaces the Ueh- 
ling pig iron casting machine supplants the hand 
labor formerly used in the pig beds, and it will soon 
be introduced at the Duquesne furnaces. These 
furnaces have already far surpassed all previous 
world’s records for quantity of product, and when 
the new casting apparatus is in use they will be the 
first furnaces in the world in which all heavy hand 
labor will be entirely supplanted by machinery. 
Two other features, besides the saving of labor, 
which are accomplished by the Uehling casting 
machine are notable. The first is the getting rid 
of the sand on the pig iron, which is most im- 
portant in the basic open-hearth process, wherein 
the sand has to be fluxed away at the expense of 
the basic lining with which it enters into chemical 
combination. The second is the opportunity it 
offers for getting rid of the large casting house, 
hitherto a considerable adjunct of the blast fur- 
nace. The pig iron made by the furnace may now 
be run entirely into ladles. The portion to be con- 
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verted into Bessemer steel_may be taken by a loco- 
motive to the Bessemer plant, which may be a mile 
or more distant, and the portion that is to be cast 
into pigs may be taken to the casting machine, 
which may be located at any point most convenient 
for storage or shipment. 
tinmusiceetmnntiiaiiatiiaiiiuentat ican 
NUMBER AND OWNERSHIP OF WATER-WORKS IN THE 
UNITED STATES AND CANADA. 

Much has been written of late regarding changes 
in the standard of living, the growth of urban 
population and the rapid increase in municipal ex- 
penditures. Of the many phases of the subject, 
one that has had but little consideration from the 
general student of social problems is the growth of 


water-works plants in number and efficiency. Con- 
sidering only the number of works, it may be noted 
that at the beginning of this century there were 


practically no water-works in the United States 
or Canada, whereas the Manual of American 
Water-Works for 1897 shows that there are now 
nearly 3,350 complete works in the two countries, 
supplying more than that number of towns, of 
which about 2,780 have been built so recently as 
since 1880, and some 1,400 in the past six years. 
Think of the effect upon the standard of living 
caused by the introduction of a public water sup- 
ply! In place of the labor attendant upon lifting 
water by the old oaken bucket, the more prosaic 


hand pump, or of carrying water in pails from 


some spring or stream, only a turn of the faucet 
is now necessary in hundreds of communities to 
secure either hot or cold water on any floor of a 
dwelling. The labor saving thus secured, together 
with the increase in convenience, comfort and 


cleanliness, is too evident to need detailed mention, 
especially as both the old and the new are within 


TABLE I.—NUMBER AND OWNERSHIP OF WATER-WORKS IN THE UNITED STATES AND CANADA, AND NUMBER OF TOWNS SUPPLIED 
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i * Of the 18 works in this column, 12 are plants owned jointly b a 
municipality, there being one such in N. i oo oe 
and Utah: and two each in Iowa and Texas. =r ow Va., ,Wis., Kan., Ore., Cal. 


+ Outside towns supplied have to be added to the total number of works: duplicate 
ownership of the remaining six plants 


works have to be deducted from this total to determine the number of towns having 
public supplies. In the former column are included all towns above one supplied by 
any single water-works plant; in the latter column are included all works in excess of 
one in any single municipality. 


is unknown, 
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Work t a2 
orks at: s 
25 
MAINE, 
Auburn .......Bought. 
NEW 
HAMPSHIRE. 
Ashland .. Both. 
Parte sc cers Bought. 
PO <icesteu Both, 
7” ..- Both 
Y oi gywadae® Both. 
Franklin .....Both. 
Hillsboro’ B'ge. Bought 
Lancaster .. Bought. 
Milford ...Bought. 
Portsmouth ...Bought. 
Rochester .....Bought. 


Somersworth 

VERMONT. 
Barton Land’g.Bought. 
Bellows Falls. . Bought. 


.. Bought. 


Hardwick .....Bought. 
Morrisville ....Bought. 
Swanton ...... Bought. 
Windsor ...... Built. 
MASSACHUSETTS. 
Boston ....... Built. 
Bradford ......Bought. 
Braintree ..... Bought. 
Cambridge .. Bought. 
Chicopee ...... Bought. 
Or eaeee Bought. 
*e ...+-.-Bought. 
Danvers ....... Built. 
Gloucester ....Bought. 
Gt. Barrington. Bought. 
° Bought. 
Haverhill ..... Bought. 
arr Both. 
Lancaster ..... Bought. 
Lexington .. Bought. 
Marblehead ...Built.* 
Millis .........Bought. 
Newburyport ..Bought. 
OvONe 2 ccsics Built. 
Peabody ...... Bought. 
Plymouth .. Built. 
ee Bought. 
Salem .........Built. 
Sharon .. Bought. 
Spencer .......Bought. 
Springfield ....Bought 
Stoughton .. Bought. 
Uxbridge ......Bought. 
Webster . Bought. 


Ww. Springfield. Bought. 
Worcester .....Bought. 
RHODE ISLAND. 
Providence .... Built. 
Woonsocket ...Bought. 


CONNECTICUT. 


Danbury ....... Built 
Hartford ..... Built. 
New London ..Built. 


TABLE Il.— CHANGES IN 





Works at: 


NEW YORK. 


. 


OWNERSHIP OF WATER-WORKS IN THE UNITED STATES AND CANADA. 


Bought or 
built. 


Changes from Private to Public Ownership. 


Albany ..--Bought. 
Auburn .....-Bought. 
Brooklyn® .....Built. 
Py s .- Bought. 
Buffalo ....... Bought. 
Cattaraugus ..Built. 
Cohoes ........Bought. 
| Fort Edward . .Built. 
| Geneva ....... Bought. 
| Gouverneur ...Both. 
Granville ..... Bought. 
Lestershire ...Bought. 
New York ....Built. 
N. Tonawanda. Bought. 
| Oneida ....... Bought. 
PRE nonc cents Bought. 
Richfield Spgs... .... 
Saugerties .....Bought. 
Schenectady ...Bought. 
Syracuse ..-Bought. 
Ticonderoga ...Bought. 
Tonawanda ....Bought. 
Washingtonv’! Bought. 
NEW JERSEY. 
Atlantic City ..Bought. 
- “« , .Bought. 
Burlington ....Bought. 
Camden . Bought. 
| Newark ... - Bought. 





ponwg-28 = 
~ te a7 é z Zz 
Se sy ate 
go SS 858 
aS & a 
1893 1869 11,250 
1894 1804 1,193 
1897 1887 1,247 
1888 1826 2,790 
1888 1832 fe 
1888 .... Ld 
4,085 
1807 1887 2,120 
1894 .... 3,373 
1891 1889 3,014 
1891 1798 9,827 | 
1891 1885 7,396 
1896 1864 6,207 
1893 1884 482 
1873 1848 3,092 | 
ER 1,547 
189% 1885 1,500 
1887 1887 3,231 
1888 1850 1,384 
184811652! 448,497 
1895 1890 3,720 
1891 1887 4,848 
1865 1837 70,028 
1893 18442 14,050 
1893 1881 Ly 
1892 1892 
1876 1799 7,454 
1895 1885 24,651 
1890 1867 4,612 
1890 1889 ce 
1891 1803 27,412 
1886* 1804 1,659 
1893 1885 2,201 
1895 1884 3,197 
1889 1887 8,202 
1895 1891 786 | 
1895 1881 13,947 | 
1893 1875 4,568 
1873 1799 10,158 
1855 1796 7,314 
1892 1884 16,723 
1869 1796 30,801 
1895 1885 1,643 | 
1884 1883 8,747 | 
1872 18438 44.179 | 
1892 1886 4,852 
1890 1880 3,408 
1893 1882 7,031 
1892 1875 5,077 
1852 1798 84,655 
1876 1772 132,146 | 
1885 1884 20,830 
1861 1833 16,552 
1854 1797 53,230 
1872 1802 13,757 


‘A second company built works in 1796 


until 1893, 
* Or earlier. 


* City built works in '86 and bought out Co 
* Supply works, only, city owning distribution from 
small plants supplying districts 


5 Two 


* City had partial ownership from start. 


New Brunswick 


Perth Amboy ..Both. 


| Trenton ....... Bought. 
PENNSYLVANIA. 
Allentown .....Bought. 
Bethlehem .. Bought. 
Bradford ...... Bought. 
Edenburg . Bought. 
Ses os0bs.o0 ke Bought. 
Kennett Sq....Bought. 
UEUEE cecceves Bought. 
Pen Argyle .... Bought. 
Philadelphia® ..Bought. 
rd 6 ,..Bought. 
Reading ...... Bought. 
Slatington..... Bought. 
OG ns 6 te a Bought.? 
Union City ...Bought. 
DELAWARE. 
Wilmington ...Bought. 
MARYLAND. 
Baltimore ..... Bought. 
Frederick ..... Built. 
VIRGINIA. 
Danville ...... Bought. 
Lynchburg ...Built. 
Manchester ...Bought. 
WEST 
VIRGINIA. 
Mannington ...Bought. 
NORTH 
CAROLINA. 
Winston ...... Bought, 


when it was bought out by the 


.§ $8 SB, 
og as s°-3 
ot 2 3a2 
=< 25 ass 
ao ka os 
a i ~ 
1851 1798 94,92: 
1894 1865 25,858 
1889 1880 838,547 
1896-880 
1868 1852 255,664 
94-6 1800 R78 
1857 1848 22,509 
1894 1855 4,424 
1896 1787 7,557 
1890 1867 3,458 
1895 1884 1,700 
| Seo 
1842 1776 1,515,301 
1894 1885 4,793 
1895 1883 6,083 
1896 1889 1,336 
Te 1,623 
1896 1887 4,237 
1885 1871 19,902 
1892 1829 88,143 
1890 1875 2,267 
1893 1887 7,145 
1896 1894 691 
1895 1883 13,055 
1895 1889 i 
1877 1804 7,264 
1870 1853 38,313 
1860 1800 181,830 
1873 1868 18,603 
93-4 1882 9,512 
1855 1803 57,458 
1865 1827 25,228 
1871 1761 6,762 
1881 1877 10,514 
1882 1880 751 
1893 1888 3,767 
1850 1842 1226 
1870 1868 1,711 
1894 1889 2,101 
1866 1851 1,046,964 
1873 1860 “ 
1865 1821 58,661 
1883 1861 2,716 
1893 1880 1,307 
1890 1885 2,261 
1810 1804 61,431 
1854 1807 434,439 
1844 ... 8,193 
1876 1875 10,305 
1828 1799 19,709 
1894 18898 9,245 
1893 1891 908 
1894 1882 8,018 


and continued in operation on a small scale 


city. 


. in "88. 


the start. 


lately annexed to city. 
note regarding companies bought out before beginning work. 
®* Two small plants supplying territory annexed to city. 
™There is still a private plant in this place. 
5’ First supplied in ‘40 by works built by city, which were abandoned after comple- 
tion of company works in 1889. 
* The plant built in 1873 did not furnish domestic supply and was superseded by com- 
plete works in 1891, both under private ownership until the latter was bought by city. 


"A private plant supplies a part of the city. 
“City was part owner from the start. 
'S A private company is still in existence 
“These works supplied FE. Dallas, which was annexed to Dallas in 189 
“Joint ownership from the start. 


Small plant built to supply suburb. 


Works at: 


Bought or 
built. 


RHODE ISLAND. 

E. Providence,..Bought 
NEW YORK. 

Medina ...Built 

PENNSYLVANIA. 


Chester ....-Bought 
ALABAMA, 
Jacksonville ...Bought. 


LOUISIANA 


New Orleans. .Bought.™ 


Date of 
change. 


_ 


895 
1893 
1886 
1889 


1878 


*Fire protection, only. 


™The 
in 1868, 
in the company, 
rhe works at both St 


and is represented on 
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1893 8,422 
186 4,402 
1867 20,226 
1883 1,237 
1833" 242,039 


Works at: 


TENNESSEE. 
Columbia ..... 
KENTUCKY, 
Frankfort 
Lexington ..... 
MICHIGAN. 
Clare s 
ILLINOIS. 
Peoria 


Also see general 


Changes 


Bought or 
built. 


Bought. 


Built. 
Built. 


Bought. 


Works were built in ’80 by city and transferred to bondholders in ’86, who organized 


from Public 


e462 8. 
Sa as S58 
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aclUCkhlhm& owe 
Q a a 
1884 1840 5,370 
1886 1841 7,82 
1881 1832 21,567 

. 1886 1,174 
1889 1868 41,024 


works at New Orleans were built by a company in 1833, bought by the city 
and sold to a company in 1878. 


The city owns a considerable amount of stock 


the board of directors. 
Cunegonde and St. Henri de Mon treal were originally built by 


— 
6 
zs 
Works at: 25 
. on 
a 
GEORGIA. 
BIRO 6 ie i250 Built 
a ee Built 
IG. asnsers s os 
ALABAMA 
Florence ...... Bought. 
Huntsville ....Bought 
TENNBSSEE. 
Clarksville ....Bought. 
OHIO. 
Cincinnati .....Bought. 
Kenton ....... éoam 
Painesville .. Bought. 
INDIANA, 
Huntington ... Bought. 
Lebanon ...... Bought. 
Mishawaka ....Bought.® 
MICHIGAN. 
Benton Harbor 
Bessemer cece 
Detroert si swe Bought. 





Harbour Spgs...Bought. 





Jackson ...... Bought. 
ILLINOIS. 
Carlyle ....... Bought 
Chicago .......Built 
Galesburg Both. 
SOE ccresncas Bought. 
Lewiston ..-Bought.” 
Moline ....... Bought. 
Ottawa 
a a 
WISCONSIN. 
Bayfield 
Hayward ..... Bought 
Kenosha ...... Bought 
Watertown ....Bought 
IOWA. 
Odeboldt ..... Bought 
A: eer 
MINNESOTA. 
Duluth ....Undr constn 
Faribault ..... Bought 
Hibbing ...... Bought 
Hutchinson Built. 
BE. PUNE. wresees Bought. 
Sandstone .....Bought.™ 
Sauk Center ..Bought. 


KANSAS. 
Bunber Tl 2.5. .0<% 
Clay Center ...Bought. 
Conway Spgs.. 


Greensburg ....Bought. 
Newton ....... Bought. 
Springfield ....Bought. 
NEBRASKA. 
| RR Bought. 
Holdredge Bought. 
Norfolk ....... Bought. 
SOUTH DAKOTA. 
Watertown ....Bought. 
NORTH DAKOTA. 
Oe Bought. 
WYOMING. 
Rawline '..<s.. Built. 
Sundance ..... Bought 
MONTANA. 


Fort Benton ...Bought. 
Miles City ....Bought. 


The charters or rights of companies have been bought by the municipalities, a 
works built by the latter, in the following places: ; 
Arlington, Mass.; Rockport, Mass.; Brooklyn, N. Y.; Troy, N. Y., and Louisville, Ky 
These purchases were made before the companies in question began construction. 
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1893 1883 8,629 
1861 1828 33,300 | 
1894 1891 4,503 | 
1896 1887 6,012 
J ee 7,995 
1893 1879 7,924 
1839 1820 305,891 
one'd Se 5,557 | 
1897 1891 4,755 
1891 1891 7,328 
1894 1894 3,682 
1873 1891 3,371 
coe SOR 3,692 
.--- 1888 2,566 
1836 1827 205,876 
1895 1890 1,052 
1871 1870 20,798 
1894 1887 1,784 
1854 1840 1,099,850 
1891 1883 15,264 
1888 1881 23,264 
ining 2,166 
1886 1883 12,000 
1896 1895 9,985 
1892 1892 5,550 
1894 1886 1,373 
«én 1,349 
1895 1879 6,532 
1896 1896 862 
1894 1884 1,122 
ose 18 37,806 
1897 1883 33,115 
1893 1884 6,520 
1895 1894 1,085 
1894 1891 1,414 
1882 1870 133,156 
1893 1888 517 
1888 1884 1,695 
weesncsl = 157 
1893 1885 2,802 
aca 681 
1892 1888 515 
1895 1884 5,605 
1889 1889 347 
1893 1889 2,310 
1892 1888 2,601 
1894 1888 3,088 
1896 1888 2,672 
1890 1889 5,664 
1892 1882 2,235 
1896 1888 515 
1x93 1888 624 
1895 1890 956 
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Works at: xs 2: 
athe 
MISSOURI. 

Kansas City ..Bought. 1805 
| St. Louis ..... Bought." 1835 } 
| TEXAS. 

Abilene --Bought. 1889 

MOAR cccvcect Built.“ 1895 
| Brenham ..... eave dsv5 
PEE ks ceo-ee 3 Bought.** 1890 
| Fort Worth....Bought. 1888 

Galveston .....Built. 1889 | 
os. NR ere Bought."® in 

COLORADO. 

Canyon City... .... a 

Central City. ..Built. 1889 

Georgetown ...Bought. 1891 

La Junta.......Bought. 1893 

ROE g cassees Bought. 1889 

Silver Cliff. ....Bought.%® 1894 

WASHINGTON, 

DE sovcaeg Bought. 1895 

Elmer Bought. 1894 

Kent Bought, si 

New Whatcom.Bought. 1893 

Seattle ........Bought. 1889 

-++eee.-Bought. 1891 

Spokane .......Bought.!7 1897 

Tacoma .......Bought. 1893 

Waterville ....Bought. 1896 

OREGON. 
SEE Seeds Bought. 1892 
Portland... .... Bought. 1887 
—  seceneet Bought. 1891 
gwd omnes Bought. 1897 

ee ee Bought. 1894 

The Dalles.....Bought. 1890 

CALIFORNIA. 

Colton ....cc0- Bought. 1895 

Gilroy ........Bought. 1887 

Modesto .......Bought. 1895 

QOoaanside 2.102 ccve 1890 

SO ae Bought. 1892 

San Jacinto... .Built. 1896 

Santa Cruz....Bought. 1891 

Woodland .....Bought. 1892 

NEW BRUNS- 
WICK. 

Moncton ...... Bought. 1895 

A Bought. 1885 

NOVA SCOTIA. 

Canning ...... Bought. 1894 

Eee Bought. 1861 

Middleton ..... Bought. 1895 

Yarmouth ..... Bought. 1893 

QUEBEC. 

Montreal ...... Bought. 1845 

St. Hyacinthe..Bought. 1894 
| Valleyfield ....Bought. 1887 

ONTARIO. 

Brantford ..... Bought. 1888 

Brockville ....Bought. 1892 

Chatham ...... Bought. 1895 

Kincardine ....Bought. 1894 
| Kingston Bought. 1887 

Niagara Falls..Bought. 1884 
| Owen Sound,..Bought. 1890 
| Toronto .......Both. 1873-8 

BRITISH CO- 
LUMBIA, 
Kamloops ..... Bought. 1895 
Vancouver ....Bought. 1892 


18 
187 
1871 
1&8 
18S 
18S 


188s 
1S0) 
18s 
18%) 
1884 
188: 
18% 
1885, 


1891 


1884 
1853 
1801 
1882 


1862 


1872 
1876 
1886 
1883 
1891 
1876 
1873 


1878 
1836 


1893 
1848 
1892 
1881 


1801 
1875 
1886 


1870 
1884 
1891 
1890 
1850 
1856 
1880 
1841 


1889 


Yarmouth, Me.; Wolfboro, N. 


2] 


19,264 


3,349 


7,497 
181,220 
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Clevefind a company was incorporated in 1833, but did no work, and the city built 


plant in 1856. 


nd 


The following municipalities, now supplied by private companies, were discussing mu- 
nicipal ownership in the latter part of 1896 or early in 1897: Fort Fairfield, Me.; Mad- 


ison, Me.; Plymouth, N. H 


.: Dedham, Mass.; Wakefield and Stoneham, Mass.; Nyack 


Y.; White Plains, N. Y.; Bangor, Pa.: Du Bois, Pa.; Nazareth, Pa.; St. Augustine, Fla 
Dyersburg, Tenn.; Escanaba, Mich.; Traverse City, Mich.: Washburn, Wis.; Palestine, 
Tex.; Trinidad, Colo.; San Diego, Cal.; San Luis Obispo, Cal.; Santa Barbara, Cal.; Sui- 
Reno, Nev.; Cornwall, Ont., and Winnipeg, Man. 
lyn took steps in '90 to buy the works of the Long Island Water Supply Co., which su; 
ply one ward of the city, but legal difficulties have prevented completion of proceedinzs 


sun City, Cal.; Tucson, Ariz.; 


(see p. 92). 


Private Ownership. 


be 
° 
~~ . 
a= 
Works at: 4 
2° 
MINNESOTA. 
St. Cloud ..... Bought 
KANSAS. 
ee Bought. 
McPherson ....Bought. 
MISSOURI. 
ro Bought 
TEXAS. 
Georgetown ...Bought. 


1893 


First sup- 
plied in 


2. 


1884 
1883 


1871 
1884 


Popula- 
tion, 1890 
census. 


S 
Zz 
o 


2,455 


3,172 
14,065 
2,447 


companies in 1879 and ——, respectively. 
to the city in 1891 and immediately sold by the city to another company. ; 

In addition to the plants in the above list of changes from public to private ownershi) 
a plant at White Haven, Pa., which furnishes a domestic supply, only, was originally bui!' 
by the borough and sold to a company in 1865. 


3 
Es 
Works at as 
on 
@ 
Lampasas - Bought. 
TE Fer ewens Bought. 
UTAH. 
Ogden ........Both. 
QUEBEC. 
Maisonneuve ..Bought. 


St. Cunegonde™Bought. 
St. Henri de 
Montreal” ...Bought. 


~ Date of 
8 change. 


Firs 


B 


1883 1883 
1890 1882 


 .. 5k. 
1891 1879 


1891 1880 


About the same appears to be true of Vernon, Tex. (see p. 525.) 


t sup- 
plied in: 


Brook 
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census 


ss 


S89 


$15 


Each plant is reported as having been sol! 


4 


RT ee ae 
atin tae o eae ei auey 


r 
. 


Se 











i 
: 
: 
t 
\ 
i 
4 
; 
' 
- 
' 

















SER LRUnInE Inne eee en TT 


ye eee 
6 Asti S cttey SEES 


ae Se 


Sys; 


PRPS 


= 


Re ea i 





ARCA OPS ee we 


333 


heh 


\pril -Y, 1897. 


xperience of so many. Neither is it necessary 
than to refer to the other benefits of public 
-or supplies, such as fire protection, stfeet 
\kling, water motors for household, business 
ight manufacturing purposes. Altogether, the 
- which these few words will suggest, coupled 
. the large number of villages, towns and cities 
ided with water-works in recent years, are 
‘ent to impress one with the immense change 
he standard of living and the customs and 
ts of a vast portion of our population wrought, 
iis one improvement, 
rhaps a word should be said regarding the 
ct of so many public water supplies upon the 
h of the countries in question. In most cases, 
introduction of running water by the munici- 
ty or some private company means the aban- 
ment of badly polluted surface wells, previous- 
the only available source of supply. Ex- 
stive studies in Massachusetts and elsewhere 
shown conclusively that with the abandon- 
ent of surface wells for pure public water sup- 
es typhoid fever has decreased to a most marked 
i gratifying degree. If the general health of a 
nmunity could be as easily recorded as the ty- 
id death rate, doubtless it, too, would show 
table improvements with every advent of pure 
replace impure water. 

The second point in the opening sentence, the re- 
lation between the increase in urban population 
ind public water supplies, needs only the passing 
word that the two act and react on each other. 

As to the increase in municipal expenditure, it is 
evident that public water supplies not only cost 
money in themselves, but like other improvements 
have a train of followers, each making new de- 
mands on the purse, such as sewerage systems and 
street sprinkling. 

The detailed figures regarding the number of 
water-works plants in each of the commonwealths 
making up the United States and each of the prov- 
inces which comprise the Dominion of Canada, are 
given in Table I. To give an idea of the recent in- 
crease in the number of works in the different 
States, figures from the last Manual are given in 
the first column of the table. These figures include 
water-works completed or under construction up 
to July 1, 1891, while those in the Manual for 1897 
come down to the close of 1896. It will be seen 
that the total number of works in the United States 
has increased, between the two issues, from 2,037 
to 3,196, and in Canada from 95 to 145, the grand 
totals being 2,182 in the middle of 1891, against 
3,341 at the close of 1896. This increase is, of 
course, made up of works built in small towns, as 
all the larger places have been supplied for a num- 
ber of years. In the West many of the works are 
very small, but those included in the total are 
complete plants as far as they go. 

The figures just given are the total number of 
works which furnish both domestic supply and fire 
protection, 484 other partial and unclassified plants 
also being included in the book, as well as 307 pro- 
jected plants. Reference to these will be made 
further on. The 3,341 works must not be 
confused with the number of towns actually 
supplied, because (1) there are a number of 
cases where two or more water-works are located 
in one town; and (2) many works supply two or 
more distinct municipalities. Thus there are 74 
works in towns where other works also exist, and 
374 outside towns supplied by the works included, 
making a net increase of 300 in the towns supplied, 
or 3,641 towns served by the 3,341 water-works. 

These 3,641 towns, so far as known, all enjoy 
both domestic supply and fire protection. In addi- 
tion, there are in the United States and Canada 210 
plants that furnish only a domestic supply and 120 
furnishing only fire protection, while 154 plants 
could not be classified, although it is possible that 
most of them give only partial service, probably 
fire protection. Of one sort or another there are, 
hen, about 3,800 public water supplies described 
in the Manual, furnishing water in about 4,100 
cities and towns. Besides these, all available infor- 
mation of value regarding 307 projected works is 
included, so that the present status of the water 
supply of over 4,400 places is given in the Manual 
for 1897. 

Of no less interest than the number of works and 
towns which they supply is the ownership of the 
several plants. Of the 3,196 complete works in the 
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United States, 1,690, or more than half, are owned 
by the municipalities which they supply and 1,489 
by private companies, leaving 17 plants of un- 
known ownership. In Canada, there are 109 pub- 
lic and 35 private plants, with one of unknown 
ownership. 

In the early days of water-works construction 
in this country private ownership was the rule 
Thus, at the opening of the century there were 17 
cities with more or less complete public water sup- 
plies, only one of which was owned by a muni- 
cipality. As more works were built the relative 
number of public plants gradually increased, 
reaching 27.8 per cent. in 1835, when there were 
15 public and 39 private works. It took twenty 
years for this small number of works to double, 
at the end of which time, or in 1855, there were 
still only 106 water-works in the United States 
Of these, 48, or 45.3 per cent., were owned by the 
public. In the five years which foreshadowed the 
strife of 1861-5, and in the half decade of the 
war, public ownership fell to about 42 per cent 
The war over, water-works were built more rapid- 
ly than ever before, until in 1875 there were 422 
plants, and the public ownership had increased to 
54 per cent. of the total, which point has not since 
been quite attained, although almost reached at 
the present time. After 1875 privately owned 
works increased so rapidly that the percentage of 
public owned works decreased, until in 1800 it 
was only 42.9 per cent. Since then it has in- 
creased again to 53.2 per cent., or just below the 
53.8 per cent. of 1855. But in 1875 there were 
only 422 works in the United States, while now 
there are 3,196. 

In Canada the public works are now over 75 
per cent. of the total, Canadian cities sharing the 
marked English preference for municipal control 
of water-works and similar undertakings. 

In the several States there is much diversity in 
the proportions of public and private ownership, 
all of which is shown in detail in Table I. Tak- 
ing the country by groups, New England and the 
South Atlantic States are very evenly divided as 
to ownership; the Middle, South Central, South- 
western and Pacific States have private far out- 
numbering public works, while in the North 
Central and Northwestern States the reverse is 
true. Many individual States are at direct vari- 
ance with their group tendency. Maine, with 57 
works, having only 7 public plants, while Mas- 
sachusetts has 113 public to 38 private works. 
New York and Pennsylvania contain the most of 
the works in the Middle group, with its preponder- 
ance of private ownership, but New York has 172 
public to 170 private works, while Pennsylvania 
has only 82 public to 259 private plants. 

One of the most significant things regarding 
ownership is the strong tendency to the public 
control in the larger cities. Of the 50 largest cities 
in the United States 19 have changed from private 
to public ownership, and only 9 are now dependent 
upon private companies for their supply, as fol- 
lows: San Francisco, New Orleans, Omaha, Den- 
ver, Indianapolis, New Haven, Paterson, Scranton 
and Memphis. 

The New Orleans works were once bought by the 
city and afterwards sold to a private company. 
The only cities of size which have built works and 
afterwards sold them to a company are Peoria, 
Ill., Lexington, Ky., and Chester, Pa. The first 
of these had a population of about 40,000, and the 
other two about 20,000 each, in 1890. 

Altogether about 200 cities and villages have 
changed from private to public ownership, and 
only one-tenth of the number from public to pri- 
vate. Over half of the changes from private 
to public ownership have been made since the 
close of 1890 and about one-third of the reverse 
changes in the same period. The geographical 
distribution of the works, the dates of the changes, 
the dates the works were built and the 1890 popu- 
lations of the cities in which the works are lo- 
cated are shown in Table ITI. 

The largest cities which have changed from pri- 
vate to public ownership since 1890 are Kansas 
City and Syracuse. Duluth has municipal works 
under construction, and has voted several times 
to buy out the local company, but through legal 
defects in the elections has been prevented from 
doing so. 

Massachusetts takes the lead of the States in 
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changes from private to public ownership, 30 com 
panies, located in 27 different cities and towns, 
having given way to public ownership, generally 
through purchase, the changes having begun with 
the completion of the Boston works by the city in 
1848. There remain in the State 38 private 
against 113 public works, nearly half of all the 
plants originally built by companies having been 
bought by cities or displaced by city plants, and 
about 20 per cent. of all the works in the Stat 
being included in the change. Not a plant built 
by a city in Massachusetts has been turned over to 
@ company. 
at -@ tien 


LETTERS TO THE EDITOR. 


Transition Curves. 


Sir: The method of treating transition curves, described 
by Mr. David Molitor in your issue of Feb. 4, 1897, has 
been in use on several western railways during the past 
ten years, and is now employed on the Rome, Watertown 
& Ogdensburg R. R. 

However, the general rule is not to carry the elevation 
out on the tangent, but to uniformly taper it off on the 
transition curve, from the maximum amount at the point 
of compounding with the circular curve to nothing at the 
P. C. This entirely obviates not only the disagreeable 
tipping effect of elevation on the tangent, but also the 
sharp shock due to the wheel flanges suddenly shifting 
from contact against the lower or inside rail on the tan- 
gent, if elevated, to the outer rail on the curve. A table 
based on this method appears in the “Journal of the Asso- 
ciation of Engineering Societies,"" for December, 1894. 

Civil Engineer. 

Watertown, N. Y., Feb. 16, 1897. 

- - > — 
The New York Fireproofing Tests.— Correction. 


Sir: In your issue of April 22, we note that in giving 
the description of the fire test at 68th St. and Ave. A, you’ 
say that the floor was built, etc., under the direction of 
the ‘‘Manhattan Construction Co."’ It is a matter of con 
siderable vexation to us that this carelessness should have 
occurred, as we are deprived of the credit of what in 
many respects is the most successful fire test yet made. 
We also note that the drawing which we made and which 
accompanies the article was changed, so that the ‘‘fill” 
above the “‘plate’’ appears to be composed of stone con- 
crete, instead of being a very poor cinder concrete, as 
indicated by us. The floor as you represent jt in the 
drawing, gives the impression of being both heavy and 
expensive, while, in fact, it is neither. Yours truly, 

Manhattan Concrete Co., 
Ross F. Tucker, President and Manager. 
156 Fifth Ave., New York city, April 28, 1897. 
————_@q——__—_ 


The Occurrence of Varying Waters in Different Parts 
of a Well. 


Sir: It is not unusual to find waters of greatly varying 
characters at different depths in the same well, but such 
waters commonly flow froin distinct and perhaps widely 
separated strata. I have in mind such an instance from 
Northern New York, previously reported by me. The 
ease to which I would now ask a moment’s attention is 
of a somewhat different character. A citv upon one of 
the Great Lakes has very recently sunk a tria! well upon 
a sandy peninsula extending some miles into the lake, 
in the hope of obtaining filtered lake water therefrom. 

Samples of water from depths of 29 ft. and 57 ft. were 
submitted to me for chemical analysis, with results as 
foliows. 


(Parts per 1,000,000.) 


Samples from: 
29 ft. 7 ft. 





Open lake. 
Free ammonia ........ 0.280 too high to read. 0.071 
Albuminoid ammonia .. 0.189 too high to read. 0.075 
Chlorine in chlorides .. 1.500 61.0 5.000 
Nitrogen as nitrates.... trace. trace. none 
Nitrogen as nitrites.... 0.0025 none. none. 
Required oxygen ....... 5.350 10.1 1.750 
Total solids....... e+e +13t.000 753.0 131.000 


The sand appeared to be of the same quality throughout 
the depth of the well, except that the lower layers ran 
much higher in chlorides. 

The two waters from the well differed not only from 
each other, but also from the water of the lake itself. 

Water from the deeper portion of the well undoubtedly 
owed its character to the soluble material in the sand 
in which it had been stored, while that from the more su- 
‘perficial sand represented a dilution of the same by the 
more or less recent rainfall which rested upon the denser 
layer below. Similar cases of superimposed waters are 
met with upon the sandy islets thrown up by ocean cur- 
rents, whereon one finds that fresh water, representing 
local rain, may be obtained by digging down a few feet in 
the sand. W. P. Mason 

Rensselaer Polytechnic Institute, March 31, 1897. 

—-—- e ———_ 


A Combined Protractor and Scale. 


Sir: I enclose a drawing of a combined protractor and 
scale, which, while not altogether original, has some points 
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of superiority over similar designs. As the arms of the 
scale are extended beyond the protractor circle itself, the 
centér-point can be used with a fine needle; and as the 
instrument turns about the neédle there is no enlarge- 
ment of the hole in the protractor-sheét. As the instfu- 
ment can be lifted from the needle, plotting can be done 
at as many stations as are required by simply using sev- 
eral needles and slipping the protractor on and off each 
station-needle as required. 

The instrument used by myself is made of German 
silver, but stiff cardboard will answer all practical pur- 
poses. A design simiiar to this is described in Johnson's 
“Surveying.” Very truly yours, F. Y. Parker. 

Vicksburg, Miss., April 12, 1807. 


(The drawing is not reproduced, as it simply rep- 
resents the arms extending beyond the protractor 
circle itself, with the scale on a line with the base 
of the half-circle., This arrangement brings the 
center-point on the outside edge of the scale. 
Protractor combinations have been made with the 
scale attached to the bottom of the protractor, 
with the center-point on top of the scale.—Ed.) 

——_—_——_@—— 


Quick Method of Laying Out Curves by Ordinates from 
a Leng Chord. 


Sir: The writer has had occasion in his practice to lay 
out a great many templets for curves of large radii, and 
has found no method, either entirely graphical or partly 
analytical, so accurate and thoroughly satisfactory as the 
use of ordinates from a long chord. The computation of 
these ordinates by exact methods being a tedious opera- 
tion, the writer has evolved the following approximate 
solution, which is rapid and accurate within its limits. 
The ordinates should be spaced so closely that the straight 
lines connecting the points thus established shall not vary 
practically from the proper curve. The smallest division 
discernible by the naked eye is the one-hundredth part of 
an inch. This should be the difference between the middle 
ordinate and the next succeeding one. The spacing re- 
quired to give this difference is determined by the formula: 
s«</2Rt, in which s is the space, R the radius, and t 
the tangent offset, in this case equal to 0.01 inch. The 
middle ordinate of the piece of curve between two consecu- 
tive points will then be 1-400 in., which is imperceptible. 
The next step is to find the ordinates. First find the 


Pecos 


middle ordinate by the formula, M —— »in which 





2R 
M is the middle ordinate, C the chord and R the radius. 
Then find the side ordinate next the end of the chord as 


follows: 
c y 
Gs 


n= M— . 
2R 
in which n is the side ordinate and s the space. 

Now, it is a remarkable fact that the successive differ- 
ences between consecutive ordinates form an arithmetical 
progression. The first term of this progression we have 
assumed to be 0.01 in.; the last is the difference between 
the side ordinate just found and the end ordinate, which 
latter is zero. From these two values and the number 
of terms, which is already known, we can find the com- 
mon difference from the following formula, which I 
introduce here for the benefit of those who may have for- 
gotten it: 





1—f 


n—1 

in which 4 is the common difference, 1} the last term, f 
the first term and n the number of terms. We can now 
quickly find all the terms in the progression, and by 
the simple process of addition determine all the remaining 
ordinates for our curve. This sounds like an elaborate 
theory, but “like swallowing, it is more easily done than 
described,” as the following example will show: 

Given a radius of 416 ft. 8 ins. (5,000 ins.), and a chord 
of 15 ft. (180 ins.), s = ¥ 2x 5,000X 0.01 = 10 ins., 


M = ———_—_—_—_—__ = 081, 
2 x 5,000 
and, 
180 \3 
———10) 
2 
n = 0.81 — ——_——__——- = 0.17 
2 x 5,000 


With a spacing of 10 ins. and a chord of 180 ins., the 
number of terms will be, : 


—————— = 9, 
2x10 
then 
0.17 — 0.01 
Oo er ist OR: 
9—1 


Then the progression is 0.01, 0.03, 0.05, 0.07, 0.00, 0.11, 
0.13, 0.15, 0.17, and the ordinates are: 


00.00 + 0.17 = 0.17 0.65 + 0.07 = 0.72 
0.17 + 0.15 = 0.82 0.72 + 0.05 = 0.77 
0.32 + 0.18 =< 0.45 0.77 + 0.08 = 0.80 
0.45 + 0.11 = 0.56 0.80 + 0.01 = 0,81 
0.56 + 0.09 <= 0.65 
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With a chord of 10 ft., and a radius of 75 ft., and for 
all radii greater than that, with correspondingly increased 
chords (if desired), this method gives results accurately 
to the one-hundredth part of an inch. Yours truly, 

Wellington B. Lee, 
Assoc M. Am. Soe. C. B. 
Hillburn, N. Y., April 15, 1897. 
QQ 


The East Liverpool Suspension Bridge. 


Sir: Allow me to correct two small errors in the de- 
scription of the East Liverpobdl bridge in your isstie of 
April ist. The thicknéss of the cast-steél] links in the 
ends of the strands is 3 ins., hot %-in. The two pietes 
which compose the hanger clamps are bolted together 
by two %-in. bolts and the pin which carries the hanger 





rod. Yours truly, E. 8. Fickes. 
Pittsburg, Pa., April 4, 1897. 
i 


Sir: In the criticism of the Rochester and East Liver- 
pool suspension bridges over the Ohio your correspondent 
seems to take side with the designer of the Kochester 
bridge against the use of rollers on top of the towers, as 
he says that Mr. Laub should have stated his reasons 
for their use over the slender towers of the East Liver- 
pool bridge. He evidently does not sufficiently appreciate 
the function of rollers (or their equivalents, rccker posts, 
etc.) for this particular purpose, and I wish to state why 
in my opinion they should always be adopted, 

Rollers at the expansion end of trusses give freer play 
to the expansion and contraction of the trusses under 
changing temperatures; the object of rollers on top of 
towers of suspension bridges is the same, and in addition 
they reduce bending strains in the towers under moving 
ioads. This, of course, is well known, but it is perhaps 
less generally known that an additional advantage of these 
rollers, which is of great importance, consists in the fact 
that they form an adjustment during erection; that the 
bridge, when completed, starts out without bending strains 
in the towers. The true line of the curves formed by the 
main cables depends on the elasticity of the cables, the 
greater or lesser rigidity of the stiffening trusses and 
on the more or less arbitrarily assumed distribution 
of the loads between the main cables and the stiffen- 
ing trusses. It can therefore be only computed approxi- 
mately and the determination of the length of the cable 
from the end pins in the anchorage to its intersection 
with the center line of the tower can therefore also be 
only approximate. It follows from this that by discard- 
ing rollers and firmly attaching the cables to the top of the 
towers we are liable to get considerable bending strains 
in the towers before the bridge has been subjected to any 
loading. By using rollers, or their equivalents, we are 
liable to an uneven distribution of the loads on the legs 
of the towers; which of the two disadvantages is the 
lesser cvil should be self-evident. That in the course 
of years the rollers, if not properly designed, may become 
clogged, is true, but the good service which they have 
done during erection will be appreciated by every engineer 
who has had practical experience with suspension bridges. 
That the rollers of the Monongahela bridge in Pittsburg 
are firmly pressed into their bearings is likely enough, 
but it is rash to draw from this fact the conclusion that 
they would also become immovable is a case like that of 
the Rochester bridge, as with the same length of middle 
span (800 ft.) the side spans of the Monongahela bridge 
are only 180 ft. long, those of the Rochester bridge 500 
or 600 ft. 

This Rochester bridge seems, indeed, to be a remark- 
able structure, and your correspondent has, probably un- 
intentionally, wronged the designer of the East Liverpool 
bridge in throwing the two works together in one criti- 
cism. What benefit is to be derived from the fact that 
the bottom and top chords of the stiffening trusses of the 
Rochester bridge are riveted to the legs of the towers— 
and this rigid connection between the towers and trusses 
seems to be claimed as the chief merit of the structure— 
if we consider that there is an expansion joint in the 
trusses at the center of the middle span and at each end 
of the side spans? It would also be interesting to see 
how the wind bracing of the middle span has been pro- 
portioned with the top chords of the trusses cut in the 
middle of their length. 

The East Liverpool bridge, although not designed for 
rapid transit, is stronger than the Rochester bridge and is 
evidently a well-designed structure, and I agree with your 
correspondent that a more complete description of the 
trusses and wind system would have been of interest 
to the profession. Taking in consideration the magnitude, 
lightness and exposed position of the bridge, the arrange- 
ment and strain sheet of the wind system in particular 
would be unusually interesting; a space of 700 ft. length, 
with a depth of wind truss of 20 ft., weighing about one 
ton per foot and crossing the stream at a clear height 
of 90 ft. above low water is a bold piece of work. 

Yours truly, Carl Gayler, 
Bridge Engineer, Street Department. 
St. Louis, Mo., April 12, 1897. 


Sir: In reply to the comparatively mild criticism of the 
East Liverpool bridge description, published in your issue 
of April 8, by a gentleman signed ‘“‘A Member of A. S. C. 
E.,”. I wish to say that the description criticised was pre- 
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pared upon very short notice, and I did not 
make the plans required for a more complete oe» 
work. The roller bearing on top of towers {; 
was used for the following reasons: 

1. It makes the tower constriction mors 
The friction coeffitietit of well-ttiried 6-in. . 
between planed steé) plates is about 6.01, or jo. 
total friction to be overconie on one-half o; 
is from 3 to 5 tons, a strain which adds vo: 
the section of the tower posts and their bra, 

2. This friction can be neglected for the cal 
the stiffening trusses as is done on fixed 
calculatioh of a suspension bridge with a 
cable and three disconnected stiffening beams ; 
and tedious, and the work would be still furthe; 
by taking the action of the towers in consideration 
weré fixed to these towers. 

3. I have not yet seen a cable clamp efficient 
transmit considerable strains from a cable » 
wires, in or about the direction of the cable. : 
part of thé structtire. A few years ago I had : 
anh old suspension bridge, where the platform 
pended from the cables by stiff vertical hang. 
diagonal rods between, attached to ordinary clam, 
clamps moved under local loads and changes of 
ture as much as 4 ins., and in order to stiffen +) 
I used two pairs of strong cast steel half-clamps ul 
side of the existing clamps, well bolted to the cal 
also connected by 2 x %-in. bolts longitudinal! 
two or three months these clamps appeared to }. ud 
but all at once they commenced to slide again, th 
strain in these diagonals could not have been over 5 tons 

4. The roller bearings were considered necess 
the successful erection of the trusses and floc: 
three-span suspension bridge. The erection of 
on the East Liverpool bridge was started from th: 
towards the center of the center span and towa: 1 
anchorages by four gangs working simultaneou It 
is certainly a good and safe policy to have thes: ud 
during erection as nearly balanced as possible, a 
can be easily observed by the position of the roll: If 
the cable is fixed to the towers, an overloading ( 
side may bring the tower and even a stone pier into an 
oblique position, and it may remain so permanently. ¢s- 
pecially if the clamp on the tower should prove inet 
hereafter. 

5. The repeated reversed horizontal strains from th 
fixed cable on the towers by partial loads or change of 
temperature strains on the three-span suspension bridg 
must have an effect in time on the masonry piers by 
which these steel towers are supported. 

If the objection that well-greased rollers, protected 
against rain and dust, easily accessible, and 160 ft. abo 
low water, cannot be kept clear from rust or dirt is 
tenable, what would happen on fixed spans with ro 
bearings below the roadway and hardly protected at ail’ 
During the erection of the East Liverpool bridge a s\igh! 
overload on one side made rollers move easily, and after 
the full load was on, changes of temperature moved them 
very freely, as was found by daily observations. 

The use of Babbit metal for adjusting the strands was 
certainly objectionable; but, fortunately, only one strand 
of each cable, which was made 2 ins. too long by mistak« 
had to be adjusted. The balance of the strands came out 
all right and could be wrapped as soon as they wert 
placed in the saddles over the towers, as marked out bi - 
fore on the ground. Steel washers were designed and 
specified for their adjustment, but these not being on 
hand in time Babbit metal of superior quality was used, 
well secured by washers from displacement under strain 

Hermann Laub, ©. £ 

Pittsburgh, Pa., April 13, 1897. 
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INDIANA STATE LAW REGULATING THE INTERLOCK- 
ING OF RAILWAY GRADE CROSSINGS. 


The following is an abstract of the main provis- 
ions of a law just passed by the Indiana legislatur 
to regulate and control the protection of railwa) 
grade crossings by interlocking signals. In !) 
gineering News of Feb. 6, 1896, the operation of 
similar law in the state of Illinois was discuss: ! 
at some length, and in the succeeding issue of Jul) 
2, 1896, the full text of the statute regulating th: 
interlocking of grade crossings in the state of Oh: 
was published. The new Indiana law is in a! 
stract as follows: 

Section 1. Be it enacted by the General Assembly : 
the State of Indiana, that where it becomes necessary [ 
the track of one railroad company to cross the track 
another railroad company, unless the manner of maki': 
such crossings shall be agreed to between such con 
panies, it shall be the duty of the Circuit Court of th: 
county wherein such crossing is located, or the judg 
thereof in vacation, to ascertain and define by its decre: 
the mode of such crossing which will inflict the leas’ 
practicable injury upon the rights of the company ownine 


the road which is intended to be crossed; and if, in the 


judgment of such court, it is reasonable and practicabl: 
to avoid a grade crossing, it shall, by its process, pre 
vent a crossing at grade, 
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2 That when in case two or more railroads, 
road and an electric road crossing each other at 
non grade, or any railroad crossing a stream by any 
~ draw-bridge, shall, by a system of interlocking, 
ther works or fixtures to be erected by them, or 
¢ them, render it safe for engines or trains to pass 
ich crossing or bridge without stopping, and such 
of interlocking works or fixtures shall first be 
a by the Auditor of State, and the plan of such 
king works or fixtures for such crossing or bridge 
ting the plan of crossing shall have been filed 
ch Auditor then and in that case it is hereby made 
for the engines and trains of such railroad or rail- 
o pass over such crossing or bridge without stop- 
inv law or the provisions of any law now in force 
contrary notwithstanding, provided, that the said 
shall have and is hereby given power in case 
terlocking system or other fixtures shall inhis judg- 
rove to be unsafe or impracticable,to order the same 
tinued, opportunity first being given to the person 
ipany operating the same to be heard before said 
r as to the propriety of such order. In case such 
is made and enforced, the existing statutes relative 
pping at crossings shall apply until such time as a 

e approved by said Auditor is substituted. 
tion 8. That in case where the tracks of two or 
« railroads, or the tracks of a railroad and an electric 
oad cross each other at a common grade in this state, 
company owning any one of such tracks, whose 
agers may desire to unite with others in protecting 
h crossing with interlocking or other safety devices, 
i shall be unable to agree with such others on the mat 
may file with the said Auditor a petition stating the 
ts of the situation, and asking said Auditor to order 
ich erossing to be protected by interlocking, or other 

ifety devices; said petition shall be accompanied by a 
»lan showing the location of all tracks and switches, and 
ipon the filing thereof, notice shall be given to each com- 
pany or persons owning or operating any track involved 

such crossing, and the said Auditor shall thereupon 
view the site of such crossing, and shall, as soon as 
practicable, appoint a time and place for the hearing of 
such petition. At the time and place named for hearing, 
unless the hearing is for good cause continued, said Au- 
litor shall proceed to try the question of whether or not 
the ecressing shall be protected by interlocking or other 
safety devices, and shall give all companies and parties 
interested an opportunity to be fully heard; and after 
such hearing said Auditor shall enter an order upon a 
record book or. docket, to be kept for that purpose, grant- 
ing or denying such petition; and in case the same is 
granted, such order shall prescribe the interlocking or 
other safety devices for such crossing and al] other mat- 
ters which may be deemed proper to the efficient protec- 
tion of such crossing, and in such order the Auditor shall 
designate the proportion of the cost of the construction 
of such plant, and the expense of maintaining and operat- 
ing the same, which each of the companies or persons 
concerned shall pay, and shall also fix the time within 
which such appliance shall be put in, such time, how- 
ever, not to exceed ninety days from the making of such 
order. 

Section 4. In case, however, one railroad company or an 
electric railroad company, shall hereafter cross at grade 
with its track or tracks, the track or tracks of another 
railroad the railroad company or the electric railroad com- 
pany seeking to cross at grade shall be compelled to inter- 
lock such crossings to the satisfaction of the said Audi- 
tor, and to pay all costs of such appliances, together with 
the expense of putting them in and the future maintenance 
and operation thereof; provided, this act shall not apply 
to crossings of side tracks only. 


The remaining six provisions of the act require: 
(1) That the provisions of Sections 2 and 3 being 
complied with trains shall not be required to stop 
at any protected grade crossing; (2) refusal or neg- 
lect to comply with the law shall be punished by a 
fine of $500 per week for each week of such re- 
fusal or neglect; (3)the Auditor may, if he deems 
it advisable, employ a civil engineer to examine 
and report upon plans for interlocking and the en- 
gineer “shall be allowed such reasonable sum as 
the Auditor may award;"” (4) all laws inconsistent 
with this act are repealed and this act shall take 
effect immediately after its passage. 


”"- -—_—_—_— EE ee 


TESTS OF FIREPROOF FLOOR CONSTRUCTION. 


On April 23 the tests of fire-proof floor construc- 
tions by the Building Department of New York 
city, previously noted in Engineering News of April 
8 and 22, were continued with a test of an ex- 
panded metal and concrete floor controlled jointly 
by the Central. Expanded Metal Co., of 256 Broad- 
way, New York city, and the Expanded Metal 
Fireproof Construction Co., of the same address. 
The test was conducted by means of a wood 
fire burned inside of a brick building 11 x 14 
ft., inside measurement, across the top of which 


the floor had been built in the usual manner 
of building construction. Lengthwise of the build- 
ing were placed four 10-in., 33-Ib, I-beams, the two 
outside beams resting wholly on the side walls of 
the building, but the two inside beams having only 
their ends resting on the end walls of the building, 


and spanning the interior opening. These beams 





Eno. NEws. 
CENTRAL EXPANDED METAL CO.’S CONCRETE AND EXPANDED METAL FIREPROOF FLOOR. 


were spaced 4 ft. apart c. to c., with the interval 
between them spanned by the expanded metal and 
concrete floor, and with the center panel loaded 
uniformly with a load of 150 Ibs. per sq. ft. 

The accompanying sketch shows in a general 
way the character of the floor. It will be noted that 
the expanded metal is placed at the top of the 
beams and midway in a 3-in. layer or “plate” of 
concrete, and also that the concrete is brought 
down and haunched around the bottom flanges of 
the I-beams, which are wrapped with metal lath. 
This concrete was composed of 1 part Atlas Port- 
land cement, 2 parts sand, and 4 parts of steam 
cinders from the furnaces of the New York Steam 
Co. On top of the floor proper was placed a 2-in. 
sleeper-fill of 1 part cement, 2 parts sand and & 
parts cinder concrete, while the underside was 
plastered with King’s Windsor Asbestos Cement. 

The fire was started at 10,05 a. m., and in seven 
minutes the Uehling and Steinbart pyrometer 
showed a temperature of 875°, which increased to 
1,700° at 11.05 o’clock and to 2,100° at 11.30 o’clock. 


WA 4'0 > 40 


of the stream was to téar off the plaster and the 
lower half of the concrete slab, exposing the ex 


panded metal to view. In the same manner the 
bottom flanges of the I-beams and metal lath 
were laid bare, the latter being broken away from 
the beam in places. The test as a whole was satis 
factory, the concrete showing as far as was ob 


Expanded Metal Wrapping 






servable from underneath no cracks or bulges from 
the load above. As in the previous test of con 
crete and expanded metal floor (Eng. News, April 
22), the plaster ceiling in the corners, where the 
full force of the fire stream had not reached, was 
intact. 


- re - 
A NEW METHOD OF CASTING PIG IRON. 


We illustrate herewith a new apparatus recently 
designed by Mr. Edward A, Uehling, M. Am. Soc 
M. E., of Newark, N. J., for casting and conveying 
pig iron at blast furnaces. It is now in use at the 
Lucy furnaces of the Carnegie Steel Co., near Pitts- 
burg, Pa., and is about to be installed at the new ; 
Duquesne furnaces of the same company, which 
now hold the world’s record for rapid production 
of pig iron. Mr. Uehling is well known as one of 
the inventors of the Uehling & Steinbart pyro- 
meter (Eng. News, Nov. 14, 1895). He was for 
five years superintendent of furnaces of the Sloss 
Iron & Steel Co., Birmingham, Ala., and had pre- 





FIG. 1.—PiG IRON CASTING AND CARRYING MACHINE. 


Invented and Designed by Edward A. Uehling, Newark, N. J.; in Use at the Lucy Furnace of the 
Carnegie Steel Co., Pittsburgh. 


From this time on the temperature was held at 
about 2,000° until the quenching of the fire at 3 
o’clock, five hours after it was started. During 
the test the floor showed a deflection of about 214 
ins. altogether. The quenching was accomplished 
by means of a 60-Ib. pressure stream from a fire 
engine directed against the undérside of the floor 
for about 15 minutes, and then water was poured 
on top of the floor until it was flooded. The effect 


viously been chemist of the Bethlehem Iron Co. 
and superintendent of furnaces at Sharpsville, Pa. 

The method of casting pig iron, which has been 
in universal use ever since blast furnaces were 
known, is the running of the fluid metal into chan- 
nels molded in the sand floor of the casting house, 
and from these main channels into the “beds” 
composed of molds for “sows” and “pigs.” This 
old-fashioned method is open to two serious ob- 
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jections. The first is the amount of sand which 
remains attached to the pig after casting, which 
is weighed with the pig, and is not only a loss to 
the purchaser, but entails the use of additional 
fuel to melt it and of limestone to flux it, in the 
cupola, while in the puddling furnace it increases 
the amount of “fettling’” used, and in the basic 
open-hearth it is most destructive of the 


lining 


FIG. 2. 


—-UEHLING’S PIG IRON 


The second is the cost of labor involved in molding 
the beds, in breaking the pigs from the sows while 
they are red hot, and in carrying the heavy metal 
by hand from the bed to the car or wagon on a 
track in the center or at the sides of the casting 
house. The sand difficulty has been got rid of at 
furnaces by the use of “chills,” or heavy 
molds made of cast iron, in which the pigs and 
sows are cast. These “chills” being very heavy are 
expensive and they frequently break and have to 
be replaced. Attempts to reduce the labor cost 
have been made at a few furnaces in this country, 
and Europe, by lifting by hydraulic or other ma- 
chinery the whole bed of pig iron, consisting of a 
sow and its attached pigs, and conveying it by a 
crane to a breaking machine, where it is broken 
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Fig. 4.—Pouring Pot for Casting Machine. 


allowed to fall into cars for removal to the 
place of use or storage. The expense of the meth- 
od, and the fact that it does not avoid the cost of 
preparing the molds nor the objectionable sand, 
have, however, limited its use to a very few plants. 

In Mr. Uehling’s method the pig metal is run 
from the blast furnace into a ladle holding 15 or 
20 tons. From this ladle it is poured into a “‘pour- 
ing pot” with two nozzles, which discharge two 
into two of continuously traveling 


and 


streams sets 





molds. These molds may be so formed as to cast 
an ordinary pig or to make any other convenient 
shape, and are attached at each end to a traveling 
chain made of links and rollers, The traveling 
chains pass over sprocket wheels, at each end, 
power to turn the wheels being applied at the end 
farthest removed from the casting ladle, about 90 


ft. distant. The chain travels about 15 ft. per 
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CONVEYOR AND COOLER. 
minute, and by the time a mold reaches the outer 
sprockets the metal within it has been sufficiently 
cooled to be solid, and capable of being thrown out 
as the mold travels downward in its course over 
the sprockets. On the return journey, the molds, 
being now upside down, pass over jets which spray 
them with milk of lime, which is contained in a 
tank below, and kept from settling by an agita- 
tor made of a series of paddles set upon a revolv- 
ing shaft. The lime forms a coating on the molds 
which effectually prevents the fluid metal adhering 
to them. 

In addition to the casting process above de- 
scribed, Mr. Uehling’s invention includes a pig- 





length desired; at the Lucy furnaces ¢} 
308 ft. After traveling horizontally fo; 
er part of the distance it then mounts a 
as the flat plates pass over the spro 

they drop the pig iron into inclined ch 
which it slides into the railroad cars. | 
horizontal passage the conveyor passes 
long iron trough filled with water, by 
which the pig iron is cooled. " § 

Referring to the illustrations, Fig. 1, ta 

a photograph at the Lucy furnaces, sho 

the casting machines, each consisting of t\ 
lel sets of mold carriers. Fig. 2 is a ph 
showing the pig-iron conveyor which start 
end of the casting house and delivers the 

the railroad cars. It will be noticed that 

rising from the tank through which the h 
being conveyed. Fig. 3 shows the outer er 
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Pig. 5.—Molds for Casting Pig Iron. 


conveyor with its load of pig iron, Fig. 4 . 
drawing of the pouring pot. It is support: Py 
trunnions, so that by means of a handle, not s! 

it may be slightly tipped in the direction of o 
other of the two spouts, if required, so as to } 
the two streams uniform in size. Fig. 5 is a 

ing of the molds. The lip of one laps over th 

of the one next adjoining so that as the molds pa 
beneath the flowing stream of metal none of it ca . 
escape between the molds. Fig. 6 shows the tank 5 
for holding the milk of lime, with the agitator ani 4 
spraying apparatus. The latter is worked by a jet S 
of compressed air. Fig. 7 is the nozzle used in t! E 
spraying apparatus. Fig. 8 shows the details BE 
the chain used in the casting machine. Fig. % ; 
gives the details of the chain used in the pig 

conveyor. Since the metal is received from th 

blast furnace in large ladles before being pour 

into the molds, it is evident that there is : 

necessity for the casting to be done in a build 

ing immediately adjoining the furnace, such as 

the ordinary cast-house, but the ladle may b: 

transferred by a crane or on a railway track t 

any location most convenient for the casting appa 





FIG. 3.—DELIVERY END OF PIG IRON CONVEYOR. 


iron conveyor and cooler. -It is made of traveling 
chains similar to those used in carrying the molds, 
but instead of the molds it carries a continuous 
series of flat steel plates. This conveyor is set at 
right angles to the mold carriers, just under the 
outer end of the latter. It may be made of any 


ratus, even a mile away from the furnace. One of 
the advantages of the system in addition to those 
already mentioned is the very small amount of 


_ scrap made compared with th: ordinary method of 


casting. Less than 400 Ibs. of scrap is said to be 
made in a 75-ton cast. 
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are indebted to Mr. James W. Miller, special 
+ of the Uehling casting process, No, 831 Car- 

Bldg., Pittsburg, for the following particu- 

oneerning the cost of the apparatus and the 
ng made by its use: 


casti chine can be erected in Pittsburg and 
300 tntlen of this point, for less than $6,000 ex. 
» of foundations, and the machine has a capacity 
0 tons of material each 24 hours, the rate of travel 





Sectional Elevation. Gross Section 
Fig. 6.— Apparatus for Spraying Molds. 


eing 15 ft. per minute. The conveyor is a valuable 
,djunet where there are two or more furnaces using the 
asting machine, and it costs $5,500 erected, exclusive of 
foundations. The pigs are cooled and conveyed and loaded 
in the cars. One conveyor will take care of two casting 
machines, each containing two lines of molds with the 
necessary frame work, engine and other machinery. 
Many owners of single furnaces contemplate putting in 
small side-dump iron cars at the head of the casting ma- 
hine instead of the conveyor, as they cost much less. 
rhe iron can be cooled in them and the cars moved to 
the stock pile, or the iron dumped on the railway cars 
eady for shipment direct. 

As to the value of the iron cast by this method for 
basie or Bessemer purposes, it is safe to say it is worth 
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Side Elevation. 





Half Plan. 


PIG. 8 DETAILS OF CHAIN OF THE CASTING MACHINE. 


from 25 to 75 ets. per ton more than sand or chill cast 
pig. Eleven minutes from the time the iron leaves the 
lip of the ladle it is cooled and on the cars ready for 
shipment at the Lucy furnaces. The machine will decrease 
labor costs of handling any furnace’s output enough to pay 
for itself within a year. Of course the larger the piant 
the greater the reduction of labor costs. 

The Duquesne furnace plant is erecting eight of these 
“carriers” to take the place of their crane system, to 
handle the product of their large furnaces. Several other 
furnaces will be equipped in this vicinity during the com- 
ing summer. 
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ILLUMIMATING GAS AT LOW COST. 


Mr. James B. Taney, U. S. Consul at Belfast, Ire- 
land, contributes to “Consular Reports” for April 
an interesting statement as to the cost and selling 
price of gas in that city, which is well worthy of 
attention, in view of recent discussions on the sub- 
ject in the United States. The city council of Bel- 
fast owns and operates the gas works that supply 
the city, and it has recently reduced the price to 
consumers from 66 to 60 cts. per 1,000 cu. ft., with 
discounts if quarterly bills are paid within 30 days 
as follows: 50,000 to 100,000 cu. ft., 5%; 100,000 
to 200,000 cu. ft., 10%; 200,000 to 400,000 cu. ft., 
15%; over 400,000 cu. ft., 20%. We quote from Mr. 
Taney’s report as follows: 

The reduction in price was contemplated last year on the 
ground that the profits were so large (£67,377 9s. 1d. = 
$327,892.10 for the year ending June 30, 1896) ‘hat the 
current price was unjust to the consumers. 

For an intelligent understanding of how so large a ret 
revenue was realized at 66 cts. per 1,000 cu. ft., less dis- 
count, a condensed repioduction of the official «tatement 
of the receipts and oxpenditures for the financial yeer 
ending June 30, 1896 (figures reduced to United %tate; 
money), is herewith su >jomed: 


Sale of gas ......... 
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Receipts. 


Less discounts 
Bad debts .. 





54,504.78 
ee $005,307.50 
Public lighting of Sts., bldgs., &c.. 88,713.61 
Less cost of lighting and repairing 

PORES CNG Sis. os FOR SF 00 HEC 


24,226.05 





— 4,487.56 
Sales of coke, breeze, etc. (less la- 
Wily GUEREEED avecccsccvcecces 162,821.61 
Se On > hie Su ctctses ddevet 28,650.15 
Sales of ammoniacal liquor ....... 21,668.79 
ns Cine kaa wad neh’ éase whe 369.21 
—_——— 213,508.94 
WE xskGr in sicds cgsheeban did wuilwaales 4 $883,305.09 
Expenditures. 
Coal (87,536 tons of 2,240 Ibs., including all 
expenses of depositing same at works)......$270,584.58 


17,898.22 
6,740.10 
69,024.23 


Purification and sundries, including labor.... 
Salaries of engineer and assistant aa 
Ve CE se nance ene ede bneusee 
Repairs and maintenance of works and plant 
(including renewal of retorts), machines, ap- 
paratus, tools, materials, and labor......... 





30,306.90 


Coal and coke used for steam boilers.......... 2,504.15 
Carburetted water gas: 

GAP CE GTROED GRMOOR Sos eciciee Hediceccce 43,632.20 

Wem GROG: 0600s nels 6.60 0466 eaee dp cose 27,906.25 
Repairs of carburetted water-gas plant........ 1,200.94 
Salaries of chief inspectors, and clerks in dept. 8,475.81 
Repairs, maintenance and renewal of main and 

service pipes, inciuding materials, laying, pav- _ 

ee. GE nnn 6 nbn nendecseseans 64600024 % 7,049.69 
Repairing, renewing and fixing meters...... 18,407.20 
Rents (grounds and offices). .......-.-...5+455 26,578.16 
Salaries of cashier, accountants, clerks, office - . 

keepers and messengers 11,714.06 


Salaries of collectors .......... 7,541.70 





SemGrIOS FES Be 60 in ave’ 5,907.80 
Balance carried to net revenue account (profit). 327,892.10 
FO sc cSavec tet ac cdvemtstesey Cameveteut ed $883,305.00 


The disposition of the net revenue was in sundry ways, 
such as for new works, meter investments, contribution: 
to public library, parks, etc., interest on mortgages, sink- 
ing fund, stock dividends, etc. 

It will be observed that the largest item of expense is 
for coal, which costs $3.09 per ton (2,240 Ibs.) delivered 
at the works. 


Below is submitted some additional information f 


tur 











PartCross Section 


eost of the material and labor 





required for the manu 


facture of gas ready for consumption. The conditions are 
so distinctly dissimilar in each locality that the extrane 
ous outlay in connection with the supply t he consumer 
must vary, especially when it is a question of publi 
private control, 


ee 
SPECIFICATIONS FOR DRILLING A GAS WELL. 


Specifications for work of this description are 


so novel that we reprint portions of one lately pre- 
pared by Mr. C. D. Hilles, Secretary of the Board 
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Fig. 7.—Nozzle of Spraying Apparatus. 


of Trustees of the Boys’ Industrial School, near 


Lancaster, O., for the drilling of a gas well at that 
institution. 

The bids were to cover all material and labor 
for the drilling, anchoring and completion of a gas 


well, including the carpenter-rig, drive pipe and 
shoe, casing, tubing, packer, gate-valve, 
and all other material and labor necessary to in- 
sure a complete job. A certified check of $1,000 
was to be deposited as a guarantee that the suc 

cessful bidder would commence work in 10 days 
after the signing of the contract, and a bond was* 
required equal to 50% of the contract price for the 


anchor 






Section. 


Longitudinal 


FIG. 9.—DETAILS OF CHAIN OF THE CONVEYOR. 


nished, at the request of this consulate, by the courtesy 
of the manager of the works: 


Cu. ft. 
Coase gan Creare GnteG Soe Sis e ass ei 892,911,000 
Carburetted water gas (year’s output)...... $24,460,000 
ee i ene aC tte ts 1,217,371,000 


The cost per 1,000 cu. ft. of the several items required 
in making the product until it passes into the gas holders 
was: 





Cents. 

Coal (less residuals) 6.34 
Purification .......... os . 1.45 
Salaries ....... sb hei ene 46 
Carbonizing (wages) . 7.624 
WU Oe Ws 6 558 NSU 559. STU Sie lee a's 8 3.348 
Fuel for boilers .... 276 
bg PV eee ee aes ere ee eee 19.584 


Or, a small fraction over 19% cts. 

The cost of production has been very much reduced since 
the use of cannel was displaced by the introduction of 
carburetted water gas, the quantity being nearly one-third 
of the output of coal gas. With the new system, the 
works are enabled to continue the present increase, for 
the coal gas alone would yield only about 16 c. p., whereas 
the combination produces a gas of 18 c. p. ~ 


In this last presentation of the cost of manufacture, no 


account is taken of any expense connected with the run- 
ning of the gas works, except the items which directly 


enter into the manufacture of the article until it passes 
into the gas holders, as the object is to show simply the 


faithful performance of the work. The ‘general 
conditions” further provide that the Trustees may 
have free access to the well at all times and have 
power to reject inferior material and dismiss ob- 
jectionable workmen. After the 5-in. casing had 
been placed in the well, all of the salt water was 
to be baled out and work stopped for 24 hours to 
test the exclusion of water. The specifications 
read as follows: 
The bidder must guarantee: 


1. That the labor will be performed in a workmanlike 
manner and that the material used will all be new and 
first class. 


2. That he will case off all fresh water with 13-Ib., 6%- 
in, standard casing. 


3. That he will use 8-in. drive pipe to the first rock. 

4. That he will case the well to within 60 ft. or less of 
the gas rock with 13-lb., 5-in. standard casing, perfectly 
shutting off all salt water. 

5. That he will tube with 3-in. standard tubing. 

6. That the gate valve he will furnish will be such as 
the Trustees or their agents direct him to purchase. 

7. That he will pull all 6%-in. casing at the completion 
of the well, if the Trustees so order, free of cost tg the 
Trustees. 

8. That the well will be drilled through the Clinton 
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rock, and if Trustees so order, will be drilled 10 ft. below 
said rock, 

¥. That after the penetration of the Clinton rock, if the 
well is a dry hole and is abandoned by the Trustees, the 
contractor will draw all casing and plug the hole to the 
satisfaction of the Board or its agents. 

10. That when the contract has been completed and the 
well accepted or abandoned, the carpenter-rig, etc., shall 
become the property of the Boys’ Industria! School. 


The contract for this gas well was secured by 
Stretton & Marks, of Lancaster, O., for the sum of 
$2. 500, 
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BOOK REVIEWS. 


STEAM BOILERS.—By Cecil H. Peabody and Edward F. 
Miller. New York, John Wiley & Sons; London, Chap- 
man, Hall & Co, (Lim.). 8vo.; cloth; pp. 380; 140 illus- 
trations and 5 folded plates; $4. 


The authors of this work are professors in the Massa- 
chusetts Institute of Technology, the first named being 
Professor of Marine Engineering and Naval Architecture 
and the second Assistant Professor of Steam Engineering. 
The book is intended primarily for the use of students 
in technical schools and colleges, and for this purpose 
it is about as satisfactory as any other work of its class 
that we have seen. The first chapter, of 36 pages, gives 
a very clear description, with 26 illustrations and four 
folding plates, of the principal types of boilers in com- 
mon use, Chapter II. treats of Fuel and Combustion. It con- 
tains atable of proximate and ultimate analyses of 11 dif- 
ferent vareties of American coals, which the authors claim 
to be the first satisfactory table of such coals that has 
been published, We trust that the authors will make it 
still more satisfactory in the next edition by including 
some of the coals recently reported on by Professors Lord 
and Haas, as given in our issue of March 25. 

On page 47 it is stated that Dulong’s formula for heat 
of combustion of a fuel does not give very satisfactory re- 
sults. This does not agree with what has been found both 
by Mahler in France, and more recently by Lord and 
Haas, in this country. Their work shows a remarkably 
close agreement between the heating value as found by 
the Mahler calorimeter and as calculated from the 
ultimate analysis by the Dulong formula. In fact, 
the Dulong formula agrees quite as closely with the ex- 
perimental results as does Mahler’s own formula. 

On p. 51 the authors give the quantity of air required 
for burning carbon and hydrogen, assuming various de- 
grees of dilution of the products of combustion. For car- 
bon the figures range from 150 to 300 cu. ft. per lb. These 
approximate values, it is said, are sufficiept for deter- 
mining the dimensions of doors or passages through which 
air is supplied to the fire. It would be interesting to 
know what formula the authors would use with these 
figures to calculate, for instance, the area of an ash-pit 
door. In practice, as far as we know, it is always cal- 
culated by “rule of thumb,” or copied from previous prac- 
tice. 

An interesting calculation is made on p. 60, showing the 
percentage of heat of a fuel (Cumberland coal) which is 
lost by imperfect combustion of the carbon. It is based 
on ab analysis of the flue gases made by the Orsat appa- 
ratus, which gave 12.5 CO,; 1.1 CO; and 4.1 O, by vol- 
ume; and the result shows a loss of 5.6% due to the pres- 
ence of the 1.1% CO in the gas. We think the authors 
should have recognized the fact that the analysis itself 
must be in error, the total of the three gases footing up 
to only 17.7%, a result which is theoretically impossible 
in the burning of a coal of the given analysis with ordi- 
nary air. 

Chapter III, is devoted to Corrosion and Incrustation, 
and is about as good a presentation of the subject as can 
be given in the 25 pages devoted to it. Chapter IV. treats 
of Settings, Furnaces and Chimneys. Mechanical stokers, 
forced draught, economizers, etc., are also discussed in 
this chapter, but all very briefly. Rather more space 
than is necessary is given to a discussion of the theory of 
chimney draught, especially when the authors conclude 
it by stating that the theories ‘lack connection, through 
experiment or observation, with practice, and cannot now 
be used to advantage.”’ A rather loose statement for a 
text book is the following: ‘“The resistance to the passage 
of gases through the tubes of cylindrical boilers is about 
equal to the resistance to the passage of air through the 
fuel on the grate.”” The fact is that the resistance offered 
by the fuel on the grate varies enormously, depending on 
the quality and size of the coal, upon the thickness of the 
bed of coal and ashes, and with coking coals varies every 
minute with the greater or less agglomeration of the coal 
into a mass which is almost impervious to air, and re- 
quires to be opened by means of a slice bar. 

Chap. V. is headed Power of Boilers. It treats of many 
other subjects than those indicated in its title, such as 
standard fuel, value of coal, quality of steam, steam 
space, equivalent evaporation, rate of combustion, rela- 
tive value of heating surface, etc. The discussion of these 
subjects is too brief and fragmentary to be of much value. 
On p. 130 it is stated that the economy of a boiler is given 
in the pounds of steam made per pound of coal, and on 
p. 181 it is stated that when an approximate determination 
of the per cent. of ash in the coal can be had the economy 








is usually stated in terma of water evaporated per pound 
of combustible as well as per pound of coal. This brief 
statement seems to be the only mention that is made of 
the pound of combustible. The fact is that reports of 
boiler tests almost invariably give the ‘‘equivalent evapora- 
tion from and at 212° per pound of combustible” as the 
measure of relative economy, except in those recent cases 
in which the testing expert preferred to give the measure 
in terms of “‘efficiency,”” basing the comparison on the 
relation of the evaporation per pound of coal to the heat- 
ing value of the coal as found by a calorimeter. The ‘‘rate 
of combustion”’ is treated in the small space of half a 
page. It is stated that in general a slow or moderate rate 
of combustion gives the best results, but nothing is said 
as to what is a moderate or slow rate, nor why such a 
rate is supposed to give the best results. In a table on 
p. 138, giving ‘‘ordinary proportion” of various types of 
boilers, the rate of combustion for ‘‘water tube boilers 
with cylinder or drum,”’ which we understand to be the 
ordinary type of water tube boiler used on land, is given 
as 9 to 15 Ibs. per sq. ft. of grate per hour. This may 
be fairly correct for average anthracite coal practice, but 
with bituminous coals double these figures would be more 
nearly correct. In this chapter eight pages are devoted to 
tables giving the dimensions of boilers, engines, etc., of 
notable Atlantic steamers, and of British and American 
war vessels, which will be useful to students of marine 
engineering. 

Chapter VI. treats of Staying and other Details, and 
Chapter VII. of Strength of Boilers. These two chapters 
together occupy over 80 pages, and the treatment as far 
as we have examined them, appears to be excellent. The 
discussion of the design of riveted joints is quite full, but 
it might be improved by giving examples of the proportions 
used in modern practice by leading builders of boilers 
for high pressures. Chapter VIII. is entitled Boiler Ac- 
cessories and treats briefly of valves, including safety 
valves, water-columns, gages, damper regulators, traps, 
feed water heaters, feed pumps, steam pipes, etc. Chapter 
IX. treats of Shop Practice, and describes the kinds ot 
tools used in a boiler shop, and their methods of opera- 
tion. Chapter X. discusses Boiler Testing and gives in 
considerable detail a statement of the precautions neces- 
sary to insure accuracy in tests. Chapter XI. is headed 
Boiler Design, and consists chiefly of a problem for stu- 
dents, showing how a design should be worked up for 
an 80-HP. tubular boiler. An appendix gives a number 
of useful mathematical tables, together with steam and 
water tables. 

The book is handsomely printed and the illustrations 
are excellent. With the few exceptions we have above 
noted it is a fairly good book, an@ the defects may be 
corrected in future editions. 


ONE HUNDRED AND FIFTEEN EXPERIMENTS on the 
Carrying Capacity of Large Riveted,Metal Conduits, up 
to 6 ft. per Second Velocity of Flow.—By Clemens 
Herschel, Hydraulic Engineer, 8. B. (Harvard, 186); 
Past Pres. Boston Soc. C. E.; M. Am. Soc. Cr E.; M. 
Inst. C. E.; Superintendent and Bagineer of the East 
Jersey Water Co. of New Jersey. New York, John 
Wiley & Sons. S8vo.; cloth; pp, 122; diagrams and 
half-tone cuts. $2. 


In this work Mr. Herschel gives the history of hy- 
draulic formulas for the flow of water in large riveted 
pipes used as conduits for water under pressure. He points 
out that previous to the laying of the 48-in. main for the 
East Jersey Water Co., the diameter of such pipe was in- 
considerable, with the one exception of the 36-in. riv- 
ected main of the Rochester Water Works, laid in 1873- 
7. He contends that the official report upon the carrying 
capacity of this Rochester conduit was generally accepted 
by the most prominent hydraulic engineers for 15 years, 
and there was no suspicion concerning its reliability until 
the appearance of the paper of ‘Mr. Geo. W. Rafter, read 
before the American Society of Civil Engineers in 1891. 
Previous experiments by Mr. Herschel on the discharge of 
a 9-ft. trunk, or flume, at Holyoke, Mass., made in 1886, 
were discredited by engineers on the grounds that the 
comparatively short length of the flume, only 17 diameters, 
was insufficient to establish a uniform flow. Mr. Herschel 
then details the history of the computation made to deter- 
mine the capacity of the 48-in. riveted conduit for the East 
Jersey Company, as made in 1889 with the assistance of 
an engineer prominently connected with the design and 
construction of the Rochester main. He practically 
charges all the trouble and loss arising from the insuffi- 
cient carrying capacity of this main to the acceptance of 
the original and incorrect experiments on the Rochester 
pipe, and to the further fact that previous to 1890 engi- 
neers, in writing upon the discharge of riveted conduits, 
assumed them to have the same capacity of discharge as 
smooth new pipes. 

Tne bulk of the work is devoted to a record of experi- 
ments made to ascertain the quantity delivered, total head 
consumed to overcome resistance to flow, the velocity and 
su-called coefficient of friction. As a result of the study 
of these experiments the author advances no formulas of 
his own, but Concludes that formulas based on considera- 
tions of mere frictional resistance to flow are false in their 
premises, and that there is no law of the flow of water in 
pipes and channels, be they ever so smooth, that can be 
expressed in a simple relation between slope, cross-section 
and mean velocity. Mr. Herschel claims that one of the 
grossest errors in the consideration of flowing water 


arises from the weight given to the so-called 
velocities, extending from the bottom or sides to ; 
of the current, in open channels, and from th 
circumference to the center, in the case of pipes. a 
his opinion, in this connection, upon the result af : 
ments made in 1893 by Mr. G. H. Benzenberg 
corded in a paper on the “Sewerage System of : 
kee and the Milwaukee River Flushing Works,” » a 
to the American Society of Civil Engineers, in D - 
1883, 

In an appendix, as well as in the text proper, M 
sche] indulges in some personalities regarding ¢: 
whom he holds responsible for the original Roch: 
port, used in his own computations, and for th< 
sioa of opinions upon the results of the East Jerse 
pany’s main. We leave these remarks to be answ: 
the engineers most directly interested. In the same . 
dix he gives historical notes upon the measuring of 
and a description of the Venturi meter employed j 
of the experiments on the 48-in. main. A biogra i 
sketch and portrait of Antoine de Chezy, the aut f 
the well-known Chezy formula, is also included. 


HISTORICAL SKETCH OF THE AMERICAN sox Y 
OF CIVIL ENGINEERS.—By Charles Warren | 
M. Am, Soc. C. E. Published by the Society. 
_ cover of crushed levant; pp., 92; portraits’ 


This publication was authorized by the Board of Di-. ct 
ors of the Society, with two definite objects in view 
was believed that every member would welcome a hi: 
of the origin and growth of the Society, now known to 
but few men, and some note of the men most promine 
this connection; and, in the second place, the issue of :! 
work in its present very acceptable form would also en. 
courage the subscription of a small amount to the fund 
necessary for the erection of the new Society House. No 
expense has been spared in the publication of the book, but 
the price has been so fixed that a handsome profit re- 
mains to be devoted to the purpose last mentioned. From 
this sketch we find that the earliest effort to associate the 
civil engineers of the United States dates from 1839: but 
with the exception of several preliminary meetings of a 
few men and the issue of an address to the civil engineers 
of the country, inviting co-operation, no results followed 
this first attempt. The present American Society of Civil 
Engineers was founded in 1852, in answer to a call for a 
meeting issued on Oct. 23 of that year, and signed by 
six engineers, of whom only one, Col. Julius W. Adams, is 
now living. At the meeting which followed, and over 
which Mr. A. W. Craven presided, constitution and by- 
laws were adopted, which remained in operation until! 
1868, and James Laurie was elected the first president. 
The history and growth of the society are followed up to 
the present time, including its reorganization in 1867, the 
various places of meeting of the society, its connection 
with international expositions and the inauguration of va- 
rious special features of society proceedings. Inter- 
sperseC throughout the text are portraits of all the past 
presidents of the society and of the several secretaries and 
treasurers. Altogether, aside from the purpose to which 
the profits of this book are to be devoted, laudable as is 
that purpose, this historical sketch is one of great in- 
terest to every member of the society, and it should form 
part of the library of every American Engineer. 
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EUROPEAN ELECTRIC RAILWAYS, says ‘‘l’Industrie 
Electrique,”” have increased in number from 111 to 150 
in the year ending Jan. 1, 1897, and the total length has 
increased in the same time from 541 miles to 875 miles. 
The aggregate power now developed at central stations 
is 47.596 kifo-watts and the number of motor cars is 
now 3,100. Germany heads the list with 385 miles of 
line, and 1,651 motor-cars; France has 167 miles of elec 
tric railways and 432 motors; England and Ireland have 
76 miles of line and 200 motors, and Italy has constructed 
70 miles and operates 289 motors. When area is com- 
pared with population, however, Switzerland is ahead of 
all European countries, with its 17 different lines, aggre 
gating 48 miles in length and operating 129 motors. Ou‘ 
of the 150 separate lines 122 are of the overhead trolley 
type. There are only eight lines operated by underground 
conductors; and the line between Dresden and Hanover 
has lately introduced a mixed service, using accumulators 
within the cities and a trolley system outside, the accu- 
mulators being charged during the run between the cities. 

—————_e————_ 


WOODEN LAGGING on the cylinders of high pressure 
engines is apt to be set on fire even though there may be 
a lining .of asbestos between the lagging and the metal 
of the cylinder. Two such fires are mentioned in a cir- 
cular of the Boston Manufacturers’ Mutual Fire Insurance 
Co., giving a list of fires in the month of March. One took 
place on March 11 inthe wire mill of the Benedict & 
Burnham Mfg. Co., Waterbury, Conn., and the other was 
on March 2, on a locomotive belonging to the Boston & 
Maine R. R. The circular in commenting on the custom 
of placing asbestos under the wooden lagging says: 

asbestos becomes so close ked as to 
wena ake eae as a non-cond of a4 mrt would be 
well to remember that the vetue of asbestos as a non- 


conductor of heat depends wholly on the air which may 
be entrapped by the layers of the same. 











































































































